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ECOLOGICAL AND SOCIAL CONSEQUENCES OF COLLABORATIVE BISON  
 




Collaborative conservation has been underway for centuries in diverse communities 
across the globe. More recently, collaborative groups of private and public land managers have 
coalesced around common natural resource objectives in the United States. This dissertation 
advances the science and practice of collaborative conservation through a literature review and 
two highly collaborative projects on bison reintroduction in the western United States. My 
specific objectives are: 1) To evaluate the status and impact of collaborative conservation groups 
in the United States; 2) To assess the ecological consequences of bison reintroduction for birds, 
mammals, and plants in Colorado’s shortgrass prairie; 3) To understand how bison 
reintroduction affects human connections to grassland landscapes; and 4) To compare the effects 
of bison and cattle grazing on birds and plants in Colorado and New Mexico.  
 To evaluate the status of U.S.-based collaborative conservation groups, I conducted a 
literature review to identify what factors motivate group formation, and to quantify biophysical, 
social, and economic goals, actions to achieve those goals and outcomes, and how outcomes 
were assessed. I also characterized the geographic distribution, participants and funding sources 
of U.S.-based collaborative conservation groups. To accomplish these objectives, I searched for 
peer-reviewed journal articles, book chapters, and reports in online databases, resulting in 174 
papers that described 257 collaborative conservation groups in all 50 states. Overall, information 
on outcomes and how groups assessed outcomes was sparse. For those groups with published 
outcomes, most outcomes had positive results for biophysical, social, and economic goals. 
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 To assess the ecological consequences of species reintroduction and how reintroductions 
may catalyze public engagement in grassland conservation, I assessed both the ecological and 
social effects of bison reintroduction to northern Colorado. Specifically, I explored the effect of 
bison reintroduction on: 1) bird density and habitat use, 2) mammal habitat use, 3) vegetation 
composition and structure, and 4) human connections (place attachment) to a shortgrass prairie. 
To measure ecological responses, I surveyed birds, mammals, and plants before and after bison 
reintroduction. To understand how bison shape visitor connections to grasslands, I gave 
structured surveys to people who visited the site before and after bison reintroduction. I found 
few short-term effects of bison on grassland birds, mammals, and plants. However, I measured a 
significant increase in place attachment to the grassland site post reintroduction. These results 
suggest that bison reintroduction does not have strong, short-term ecological effects, but does 
have immediate, positive benefits for connecting people to ecosystems. I recommend that future 
projects prioritize monitoring ecological and social outcomes to advance the science and practice 
of bison reintroduction. 
 To understand whether non-native species can serve as proxies for extinct or rare native 
species, I evaluated the role of bison and cattle grazing in shaping habitat for grassland birds and 
plants. To compare ecological responses, I surveyed birds and plants between bison, cattle, and 
reference sites in Colorado and New Mexico. While I found few differences in plant height and 
cover among bison, cattle, and reference sites, I did find significant differences in bird densities 
among the sites. In both Colorado and New Mexico, some grassland obligate birds preferred 
bison sites, while others preferred cattle sites. Bison and cattle may serve as reciprocal ecological 
surrogates in cases where they have similar densities on the landscape, where cattle graze on a 
rotational system.  
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Overall, my dissertation demonstrates that collaborative conservation often achieves 
success, but these outcomes are not always assessed or reported. I also show that a highly 
collaborative bison reintroduction effort in Colorado had few ecological effects in the short-term, 
but did help connect people to a grassland landscape. In addition, my study found that 
collaboratively managed bison and cattle herds in Colorado and New Mexico create viable 
habitat for obligate grassland birds. 
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CHAPTER ONE: GOALS, ACTIVITIES, AND OUTCOMES OF COLLABORATIVE 





Collaborative conservation is as an important tool for reducing conflict and for helping 
groups achieve common environmental, social, and economic goals (Conley & Moote 2003).  
Often synonymous with other terms, such as community-based or collaborative natural resource 
management, we define collaborative conservation based on the work of Margerum (2008) as a 
process that unites diverse stakeholders to collectively manage natural resources with the goal of 
enabling people and places to thrive now and in the future. When diverse public and private 
stakeholders collaborate on environmental issues, the solutions that emerge can be more 
effective, innovative, and longer-lasting (McKinney & Harmon 2004). In contrast, environmental 
problems addressed only through centralized, government-led efforts are more difficult to 
resolve, and can foster mistrust for government institutions charged with managing natural 
resources (Koontz & Thomas 2006).   
While many scientists enumerate the benefits of collaborative conservation, others have 
raised concern about the amount of time and money invested in these collaborations (Kenney 
2000) and the lack of evidence that they lead to better outcomes (Conley & Moote 2003). 
Success stories include the local recovery of African elephants due to community-based natural 
resource management practices (Getz et al. 1999). In addition, collaborative groups in the 
western United States have been successful in partnering with a variety of stakeholders to create 
management plans for declining Sage Grouse populations (Belton & Jackson-Smith 2010). The 
success of these working groups has been attributed to the presence of an unbiased mediator for 
2 
 
leading meetings, the equal distribution of responsibilities among all involved stakeholders, and 
achieving success early-on in the collaborative process (Belton & Jackson-Smith 2010). In 
contrast, when there is an imbalance of power among stakeholders and group goals are not 
clearly defined, collaborations can fail, such as the attempt to manage pronghorn on natural gas 
fields in Wyoming (Kretser et al. 2018). In addition, collaborative groups may not incorporate 
the full range of perspectives needed to address an environmental issue, such as the lack of 
women involved with community forest groups (Agarwal 2000). Without these diverse 
perspectives, ideas about group success may be misguided and could hinder the long-term 
viability of collaborative groups (Agarwal 2000).   
Most previous work on collaborative conservation groups has focused on groups and 
projects in developing countries (Getz et al. 1999; Turner 1999; Agarwal 2000). The only 
comprehensive literature review of collaborative conservation in the United States provides an 
overview of theoretical papers on the topic (Conley et al. 2001). Other literature assessing U.S.-
based collaborative conservation groups focuses on a single species (e.g. Sage Grouse 
conservation, Belton & Jackson-Smith 2010), region (e.g. collaborative groups in the west, Brick 
et al. 2001) or process (e.g. comparing governance structures, Gerlak & Heikkila 2006). Several 
groups (e.g. Malpai Borderlands, Sage Grouse Initiative) have received much attention (Weber 
2000; Brogden & Greenberg 2003; Belton & Jackson-Smith 2010; Meretsky et al. 2012), yet a 
comprehensive review of the goals, activities and outcomes of collaborative groups across the 
United States is lacking. As such, little is known about the number and distribution of groups, 
group membership, nor whether collaboration natural resource management is achieving 
conservation success (Conley & Moote 2003; Koontz & Thomas 2006).  
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To address this gap, we conducted a systematic literature review of collaborative 
conservation groups throughout the U.S. The objectives of this review were to: 1) quantify 
motivations for group formation, goals, actions to achieve those goals, outcomes, and how 
outcomes were assessed; 2) identify whether these goals, actions, and outcomes were more likely 
to be biophysical, social, and/or economic; and, 3) characterize the geographic distribution, types 
of participants, and funding sources of U.S. collaborative conservation groups. By synthesizing 
existing knowledge on the characteristics and practices of U.S.-based collaborative conservation 
groups, we provide an important resource to current and emerging collaborative groups, and we 
identify priorities for future inquiry and recommendations for practice.  
METHODS 
 
We conducted a systematic literature review following the approach outlined in Pickering 
et al. (2014). We first defined our topic and research questions, and then we developed our list of 
search terms (keywords) by drawing on the collective expertise of the authors. Our final list 
included 36 terms related to collaborative conservation and 55 terms for geographic location 
(Appendix 1). Collaborative conservation terms included phrases such as “community led 
collaboration” and “collaborative ecosystem management”, while geographic terms included all 
50 states and variations for abbreviations of United States of America. We then formulated a 
relevant list of search engines (Academic Search Premier, Aquatic Sciences and Fisheries 
Abstracts, CAB Abstracts, Google Scholar, Web of Science, EBSCO’s Wildlife and Ecology 
Studies Worldwide, WorldCat, and ProQuest’s Environmental Science and Pollution 
Management Index, PAIS Index, and Zoological Records Plus) and Boolean search strings 
(Boland et al. 2014), which used combinations of our terms for collaborative conservation and 
geographic location (Appendix 1). Four reviewers then searched for peer-reviewed journal 
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articles, book chapters, and reports (non-profit or government) in the search engines (split among 
the group) using all Boolean search strings. For Google Scholar, which often returned thousands 
of results, we imported the first 200 sources sorted by relevance (Haddaway et al. 2015). 
We compiled all documents (n=10,158) obtained from this initial search and uploaded 
them to EndNote Web. We used the automatic duplicate deletion feature in EndNote Web, which 
resulted in 7,644 documents. We then manually screened titles (Boland et al., 2014) and deleted 
papers with titles that: 1) indicated the document was a thesis, dissertation, school project report, 
flyer, conference proceeding or abstract, forum proceeding, hearing, news article, press release, 
website, grant application, meeting note, or an entire book; 2) clearly stated that the study 
occurred outside the United States (we did not delete documents if the title contained the United 
States and another country's name in the title); 3) indicated that the paper focused on medicine, 
health care, housing, or business not related to the environment; or 4) were statistical, spatial 
modelling or methods-focused papers (unless they referenced any collaborative term in the title).  
We then conducted an abstract screening on the remaining 4,800 documents. To screen 
abstracts, we again applied the above criteria and added the following two criteria in the event 
that an abstract mentioned a potential collaborative group: 1) stakeholder diversity and 2) 
duration. For stakeholder diversity, groups needed to contain three or more participants 
(Margerum 2008) and for duration, a group needed to exist for more than two years (Plummer & 
Fitzgibbon 2004). If this information was vague or not available in the abstract, then we erred on 
the side of caution and accepted the abstract. Before dividing the 4,800 documents among the 
four reviewers for the abstract screening, we performed an interrater reliability analysis using the 
Kappa statistic (Hallgren, 2012). All reviewers performed a group abstract screening on the same 
30 papers until we reached substantial agreement (0.61-0.80; Hallgren 2012). Our Kappa statistic 
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of 0.80 (p= 0.462) indicated that our scores were not significantly different from one another, so 
we proceeded to divide the documents among the reviewers to screen abstracts individually.  
We then began our search for information on collaborative conservation groups among 
the remaining 1,051 documents. For a group to be considered collaborative, we established the 
following inclusion criteria: 1) U.S.-based (excluded U.S. groups that collaborate across 
international borders), 2) Stakeholder diversity (three or more stakeholders), 3) Involvement of at 
least one non-governmental entity, 5) Duration (have existed for 3 years or more), 5) Purpose 
(must be focused on conservation, policy, or management related to the environment), and 6) the 
group itself is not a public entity (e.g. state or local government, department, agency, or special 
purpose district; Appendix 1). If the document did not provide enough information on group 
characteristics, we would verify that the group met our criteria by reading the “About Us” (or 
equivalent) section of the group’s website. If we could not verify that a group met our criteria 
either in the document or online, then the group was excluded.  
We distributed the 1,051 documents among four reviewers after we reached substantial 
agreement (K= 0.78; p= 0.98) using the same interrater reliability analysis described previously. 
During this phase, reviewers applied the inclusion criteria and, for groups that met these criteria, 
collected information on group characteristics, including: geographic location, types of 
participants (e.g., federal government, non-governmental organization/non-profit, and 
individual/citizen; Appendix 1), and which type of participant initiated the group. After this 
screening, we retained 174 papers. A single reviewer (K. Wilkins) then extracted information on 
primary funding sources for groups, motivations that drove group formation, as well as goals, 
actions, outcomes, and how outcomes were evaluated, and identified whether each of these 
goals, actions and outcomes were biophysical, economic and/or social.  
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We present summary statistics on the numbers of groups in each state, the top five 
participant types responsible for group formation, and the primary funders for these groups. 
Groups often had multiple members from a particular participant type. For example, the U.S. 
Fish and Wildlife Service and the National Park Service are associated with the same participant 
type (e.g., “federal government”) and individuals from both agencies might serve in the same 
group. Thus, we tallied the frequency with which group participant types appeared across all 
groups. We also report the percent of collaborative groups that have a biophysical, social, and/or 
economic focus for their motivations, goals, actions, and outcomes, and report the proportion of 
groups reporting positive, negative or neutral outcomes relative to their stated goals. To identify 
gaps in the literature, we report the number and percent of groups that report geographic 
location, types of participants, who initiated the group, funding sources, motivations, goals, 
actions, and outcomes, and evaluations of success.  
RESULTS 
We identified 174 papers describing 257 collaborative conservation groups that met our 
criteria for inclusion (Appendix 1). The collaborative groups or initiatives reported on most 
frequently (these groups collectively were discussed in 13% of the papers) included the 
Chesapeake Bay Program (Massachusetts), the Public Lands Partnership (Colorado), and the 
Quincy Library Group (California). Most papers (79%) reported the geographic location for at 
least one group. We found collaborative groups in all 50 states and the District of Columbia 
(Figure 1.1). The highest concentrations of groups were located in the western United States, but 




Figure 1.1. Geographic distribution of collaborative conservation groups in the United States. 
Initiators, participants, and funders- The individuals or organizations responsible for 
initiating collaborative groups were reported for 48 groups (19%). Of these 48 groups, the top 
five initiators included the federal government (56%), state governments (25%), individuals or 
communities (19%), industry (10%), and county government (8%). The literature described 
participants for 107 groups (42%). The top six participant types (Figure 1.2) based on the 
number of groups (n=107) with information on participants, included state government (55%), 
federal government (51%), higher education (29%), local government and non-profits (both 
23%), and individuals (21%). The top five federal agencies included the U.S. Fish and Wildlife 




Figure 1.2. Percent of collaborative conservation groups (n = 107) containing at least one 
member of various participant types. 
 
Service, Natural Resource Conservation Service, and the U.S. Geological Survey. The main non-
profit or non-governmental organization included the Nature Conservancy. Sources of funding 
were reported for 18 groups and included the federal government (50%), state governments 
(28%) and non-profit organizations (28%). 
Motivations – The literature described motivations for group formation for 45 groups 
(18%). The top motivations for those 45 groups included concerns for endangered, threatened, or 
declining flora or fauna species (18%), watershed health or water quality concerns (13%), natural 
or human-caused disasters (13%), ecosystem degradation or loss (11%), and concerns over 
landscape/habitat management. 
Goals – Group goals were described for 38% (n=102) of the collaborative groups, with 
10% of groups stating more than one goal. Biophysical goals were identified most frequently 
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(n=69 groups), 21 groups had both biophysical and social goals, and 12 groups had biophysical, 
social, and economic goals. The most common biophysical goal included management or 
preservation of habitats, species, or ecosystems. Common social goals involved building or 
maintaining the trust, support, or engagement of stakeholders, and economic goals included 
improving or protecting livelihoods (Table 1.1). 
Actions- Actions taken to achieve goals were reported for 32% (n=82 groups) of groups. 
For groups with actions listed, the most common biophysical actions included monitoring 
biophysical metrics (34%) and developing a project plan or proposal (30%). The most prevalent 
social actions included education and outreach (22%), convening meetings or workshops (9%), 
and empowering stakeholders to make management decisions (5%). Only 3% of groups were 
described as implementing economic actions, with the main action involving facilitating outdoor 
recreation and tourism (2%). 
Assessment- Formal processes to evaluate whether actions were successful in achieving 
goals were published for 23 groups (9%). Of the groups that listed goals (n=102), 19% had 
information on assessments. For groups with assessments reported, success of biophysical goals 
were measured through stakeholder interviews or surveys (48%), ecological monitoring (35%), 
and document analyses (30%). Progress towards social goals was assessed through interviews 
and surveys (30%) and no group quantitatively assessed economic outcomes. The authors of the 
papers most often performed the biophysical assessments (74%), with fewer assessments 
performed by authors working with collaborative group members (9%). Social assessments were 
performed by the authors of the paper (30%) and authors working with collaborative group 
members (17%).  
10 
 
Table 1.1. Biophysical, social and economic goals, actions, and outcomes most frequently 
reported for collaborative conservation groups (number of groups in parentheses) in the United 
States.  
Goal (n=102 groups) Action (n=82 groups) Outcomes (n=29 groups) 
Biophysical 
Manage landscapes or 
species, and/or natural 
resources (23) 
Monitored biophysical  
metrics (28) Facilitated management (10) 
Restore habitat, species, 
watersheds, and/or 
ecosystems (16) Developed a plan or proposal (25) 
Improved outlook for 
endangered/threatened/decli
ning species (9) 
Monitor and/or assess 
environmental metrics 
(14) 
Convened a meeting or workshop 
to advance biophysical goals (10) 
Protected landscapes or 
marine areas (8) 
Advise and/or support a 
group or project (7) 
Informed/advised a 
group or project (8) Restored habitat (7) 
Improve water quality 
(7) 
Engaged stakeholders in  
conservation actions (3) Improved water quality (5) 
Social 
Build or maintain 
stakeholder 
trust/engagement/support 






Convened a meeting or workshop 
to advance social goals (7) 
Failed to increase 
stakeholder 
trust/engagement/support (2) 




to make decisions (4) 
Decreased human-wildlife 
conflicts (2) 
Improve quality of life 
(3) Wrote grants (2) 
Increased public access to 
open space (1) 
Increase awareness (3) Increased collaboration (2)  
Economic 
Improve or protect 
livelihoods (11) 
Facilitated outdoor 
recreation and tourism (2) 
Improved the local 
economy/industry (5) 
Monitor and/or assess 
socioeconomic metrics 
(4) Education and outreach (1) 
Decline in local 
economy/industry (3) 
Advise and/or support a 









Outcomes- Whether groups were successful in achieving their goals was reported for 29 
groups (11%). For groups with information on outcomes, 90% reported biophysical outcomes, 
52% reported social outcomes, and 21% reported economic outcomes. Approximately half of 
these groups (n=13) reported more than one outcome, resulting in a total of 61 biophysical, 21 
social, and 8 economic outcomes. The literature reported mostly positive results (Figure 1.3) for 
these outcomes, which included facilitating management of landscapes or species (biophysical), 
increasing stakeholder trust and engagement (social), and improving local economies (economic; 
Table 1.1).    
 
Figure 1.3. The number of biophysical (n=61), social (n=21), and economic (n=8) outcomes that 




This review is the first nation-wide synthesis of published information on the status, 
motivations, activities and outcomes of collaborative conservation groups in the United States. 
We find that these groups are widespread, occurring in all fifty states, but are disproportionally 
clustered in the western U.S. The federal government frequently initiated the formation of these 
groups and provided the main source of funding, yet group participants are diverse and often 
include representatives from state and local government, and non-profit organizations. Most 
groups formed to address concerns over endangered, threatened, or declining flora and fauna 
species. Groups often focused on biophysical goals, actions, and outcomes, with fewer groups 
specifying social and economic goals and activities. To assess whether goals were achieved, the 
majority of groups used surveys or interviews of collaborative group members rather than 
biophysical metrics, and group members were usually not active participants in these 
assessments. Knowledge gaps that emerged from this review include motivations for group 
formation, social and economic dimensions of collaborative conservation, and outcomes 
assessments.  
The concentration of collaborative groups in the western U.S. could be associated with 
the strong role of government agencies in facilitating and funding these groups (Koontz & 
Johnson 2004). In the western U.S., an average of 46% of the land is owned by the federal 
government, compared to 5% in the eastern U.S. (Vincent et al. 2017). Landscapes with a mosaic 
of ownership types may be more likely to benefit from cross-boundary public-private 
partnerships focused on natural resource issues. We found that most groups were motivated to 
form due to concerns about endangered, threatened, or declining flora or fauna species. 
Government agencies may be more likely to initiate and fund groups in places where private 
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rural lands provide critical habitat and thus are subject to the federal Endangered Species Act 
(Koontz & Johnson 2004).  
We found sparse information on outcomes assessment for most collaborative groups. 
This finding is consistent with a 10-year-old review (Koontz & Thomas 2006), suggesting that 
little progress has been made over the past decade, despite widespread and increasing interest in 
this approach to conservation (Margerum 2008). Information on social and economic 
assessments and outcomes was particularly meager, perhaps due to the challenges of measuring 
socioeconomic outcomes in relation to conservation efforts (Conley & Moote 2003). 
Furthermore, most collaborative groups evaluated success through structured surveys or 
interviews with stakeholders (Selin & Schuett 2000; Conley & Moote 2003). These 
shortcomings, sparse outcome assessments and lack of direct biophysical measures of success, 
could be attributed to the time and resources it takes to collect these data and for environmental 
or socioeconomic effects to manifest (Selin & Schuett 2000). To refine goals and actions in an 
adaptive management framework, collaborative groups may use interviews and surveys as a 
relatively rapid and low-cost mechanism to assess success (Selin & Schuett 2000). 
For the subset of groups for which there is published information on outcomes, most 
report success, and there was little difference in the likelihood of a positive outcome among 
biophysical, social and economic goals and activities. Common characteristics among groups 
with positive outcomes included government funding and at least 5 group participants, including 
community members or individuals, non-profit or non-governmental organizations, and 
government entities (federal, state and/or local government). These groups also focused on either 
management (landscapes, species, and/or natural resources) or restoration (habitat, species, 
watersheds, and/or ecosystems). This combination of participants was particularly effective at 
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solving problems with management and restoration (Weber et al. 2007; Kretser et al. 2018). 
Alternatively, the high ratio of positive to negative or no effect outcomes from collaborative 
group activities could be attributed to publication bias. For example, findings of “no effect” are 
often perceived as less compelling and can be difficult to publish (Fanelli 2012). 
Our review of the status and outcomes of collaborative conservation groups in the United 
States was limited to information available in peer-reviewed articles and book chapters and non-
profit or government reports. While we recognize that more information on these groups may 
appear in the gray literature or online (Conley et al. 2001), our review was intended to synthesize 
evidence on collaborative conservation groups from peer-reviewed studies. In the future, a 
comprehensive review could include information from all venues. However, in addition to the 
time and resources needed for such an exhaustive search, this approach is complicated by the 
variation in validity associated with information that comes from sources that are not peer-
reviewed. Our review was also constrained by our definition of what constitutes a collaborative 
conservation. Future syntheses may wish to broaden our definition to groups that consist of only 
participants associated with either public or private organizations, groups that form for a short 
time (<3 years) to accomplish a specific goal, or those that cross international borders. 
 Collaborative conservation is a promising tool for resolving conflict and achieving 
benefits for conservation and human well-being. We find that collaborative conservation groups 
are widespread across the United States, and those measuring success, report positive outcomes. 
However, major gaps in published studies include an understanding of why groups form, how 
they are funded, and what actions they have adopted to achieve goals. In addition, there is little 
evidence that success is measured or reported for most groups. This review has demonstrated an 
important opportunity for scientists to play a stronger role in engaging with collaborative groups 
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to describe and evaluate biophysical, social, and economic goals, actions, and outcomes. We 
expect such partnerships will improve practitioners’ ability to make evidence-based decisions in 
an adaptive-management framework (McKinney & Harmon 2004). Although our findings 
suggest that collaborative conservation has been a successful tool for cross-boundary 
environmental problem solving, advancing the science and practice of collaborative conservation 




CHAPTER TWO: ECOLOGICAL AND SOCIAL CONSEQUENCES OF BISON 





The local decline or extinction of animals, also known as defaunation, has important 
consequences for natural communities and human well-being (Dirzo et al. 2014). Donlan et al. 
(2014) suggests that the loss of “mega-herbivores” has threatened ecological and evolutionary 
interactions across the globe. Today, the large herbivores that are still functionally extant serve 
as ecological engineers by shaping trophic guilds (Fritz et al. 2002), and contributing to species 
diversity and abundance (Olff & Ritchie 1998; Ogada et al. 2008). Refaunation, the 
reestablishment of locally extinct animal species, has the potential to restore these ecological 
functions (Oliveira-Santos & Fernandez 2010). Refaunation is rapidly emerging as an important 
subfield of conservation biology (Oliveira-Santos & Fernandez 2010), and further research is 
warranted to better understand its conservation potential, and its socio-cultural implications.  
Plains bison (Bison bison), along with natural fire regimes, were instrumental in shaping 
North America’s Great Plains (Samson et al. 2004). The prairies that form the Great Plains store 
carbon (DeLuca & Zabinski 2011), support biodiversity (Schulte et al. 2017), and help reduce 
run off from agricultural pollutants (Schulte et al. 2017). These services have been lost over time 
due to industrial agriculture and the large-scale loss of native grazing animals (DeLuca & 
Zabinski 2011). As a keystone species that directly and indirectly affects grassland ecosystems, 
bison could help restore these services. Bison alter plant community composition (Knapp et al. 
1999; Towne et al. 2005), change soil nutrient cycling (Frank & Evans 1997), and cause shifts in 
bird species richness (Griebel et al. 1998), bird abundance (Powell 2006), and small mammal 
17 
 
abundance (Matlack et al. 2001). Despite their critical contributions to land and wildlife health, 
bison have been nearly extirpated from North America. The plains bison currently occupy 1% of 
their historic range (Hedrick 2009), with very few populations persisting outside of Yellowstone 
National Park. Some researchers suggest that the range contraction of bison has rendered them 
ecologically extinct (Freese et al. 2007), meaning they no longer serve the same foundational 
role in grassland ecosystems. However, popular and political interest in restoring this iconic 
species is rapidly gaining momentum across the United States (Isenberg 2000).  
As charismatic, native mega-herbivores of the American west, bison are an ideal species 
for advancing cross-disciplinary understanding of refaunation. These grazers are popular with the 
public, and could serve as a flagship species or focal species for grasslands conservation 
(Walpole & Leader-Williams 2002).  While flagships can serve as an important conservation 
tool, these species also tend to be associated with greater conflict with human populations 
(Woodroffe et al. 2005). Conflicts include crop-raiding (e.g. elephants in Africa), livestock 
depredation (e.g. wolves in North America or lions in Africa), or extirpation of certain species by 
human populations for agricultural production (Woodroffe et al. 2005), such prairie dogs in 
North America (Reading et al. 2005). Thus, understanding how flagship species are perceived by 
local communities and other stakeholders is critical to mitigating potential human-wildlife 
conflicts that could emerge as result of reintroduction (Douglas & Veríssimo 2013). 
To date, there are still relatively few studies that examine the effects of species 
reintroductions on visitors to reintroduction sites, and that document the realities of co-existence 
with reintroduced charismatic species for local communities (Seddon et al. 2007). Social factors, 
such as human attitudes and perceptions of reintroductions, only account for 4% of the 454 
papers in the reintroduction literature reviewed from 1990 to 2005 (Seddon et al. 2007). Thus, 
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expanding both the ecological and human dimensions of refaunation will be critical to achieving 
successful species reintroductions and recovery of ecosystem processes.  
A recent bison reintroduction to shortgrass prairie in northern Colorado has the potential 
to restore grassland function and habitat quality for birds and other animals, while also 
catalyzing the public to engage in grassland conservation efforts. Previous studies assessing the 
effects of bison reintroduction on plants and animals generally occurred at sites where bison have 
been present for 4-10+ years and with higher bison densities (1.2-1.7 animal units/hectare; 
Griebel et al. 1998; Matlack et al. 2001; Towne et al. 2005) than our study site, for which 
densities progressed over time from 0.03 animal units/hectare in 2015 to 0.07 animal 
units/hectare in 2017. Thus, our research also offers an opportunity to understand if social and 
ecological effects are evident at the early stages of bison reintroduction. Our specific research 
questions evaluate the short-term effects of bison reintroduction on: 1) bird habitat use and 
density, 2) habitat use by mammals, and 3) visitor connections to shortgrass prairie. 
METHODS 
Study area-We studied the ecological effects of reintroducing a single bison herd to 
Soapstone Prairie Natural Area and Red Mountain Open Space, hereafter, Soapstone and Red 
Mountain (Figure 2.1), located approximately 48 km north of Fort Collins, Colorado (U.S.A.). 
Our assessment of the effects of bison reintroduction on human visitors was restricted to 
Soapstone because the bison are not visible to the public from Red Mountain trails. Elevation in 
the study area ranges from 1219-2200 m and 70 percent of the area is classified as shortgrass  
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Figure 2.1. Location of bison reintroduction and reference (ungrazed) sites in northern Colorado. 
Inset illustrates the locations of bird point count stations and wildlife cameras within the bison 
reintroduction site.  
 
prairie/grassland ecosystem with dominant vegetation including blue grama (Bouteloua gracilis) 
and buffalo grasses (Bouteloua dactyloides) (City of Fort Collins Natural Areas Program 2007). 
This ecosystem also hosts a diverse animal community, including 130 bird species and more than 
30 mammal species. These include species of conservation concern, such as the Lark bunting 
(Calamospiza melanocorys), burrowing owl (Athene cunicularia), black-tailed prairie dog 
(Cynomys ludovicianus), swift fox (Vulpes velox), and black-footed ferret (Mustela nigripes) 
(City of Fort Collins Natural Areas Program 2007). 
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The shortgrass prairie at Soapstone and Red Mountain was grazed by large herds of bison 
up until approximately 100 years ago (Isenberg 2000). Homesteaders arrived in the late 1860’s 
and began to graze sheep and cattle (Martin et al. 2009). These lands were purchased by the City 
of Fort Collins (Soapstone) in 2009 and Larimer County (Red Mountain) in 2001. After this 
change in ownership, the majority of this land continued to be grazed by cattle through leases 
with local ranchers. In November 2015, eleven bison were reintroduced to a fenced 393-hectare 
pasture that extends across Soapstone Prairie and Red Mountain (hereafter “bison site”; Figure 
2.1). The bison site was not grazed by cattle for five years prior to the reintroduction (J. 
Frederickson, personal communication). The herd has since tripled, with 54 bison grazing the 
site as of July 2018. Several areas (308 hectares) near to the bison pasture on Soapstone have 
only infrequently been grazed by cattle for approximately 10 years (hereafter “reference sites”). 
Mule deer (Odocoileus hemionus), American elk (Cervus canadensis), and pronghorn 
(Antilocapra americana) can cross fences and graze both the bison and reference sites. 
To assess changes in habitat use and density in response to the presence of bison on the 
landscape, we surveyed vegetation, birds, and mammals at the bison and reference sites at 
Soapstone and Red Mountain from May-November 2015 (pre-bison reintroduction) and May-
November 2016 and 2017 (post-bison reintroduction). To understand how the bison 
reintroduction to northern Colorado shaped visitor connections to the reintroduction site 
(Soapstone and Red Mountain), we gave structured surveys to people who visited Soapstone 
between June-October before the bison reintroduction (2015) and after the bison reintroduction 
(2016). 
Bird surveys-To estimate habitat use and density of birds before and after bison 
reintroduction, we randomly selected point count locations within the bison-grazed (n=20) and 
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reference (n=14) sites. The point count locations (Figure 2.1) were buffered 200 m from fences 
(Fuhlendorf et al. 2006), and spaced 200-250 m from one another to minimize the likelihood of 
double-counting individuals (Hanni et al. 2014). We also buffered points at least 200 m from 
stands of trees to ensure sampling within the same vegetation type across bison and reference 
sites. This resulted in 6 point counts stations in one reference site and 8 point count stations in 
the other reference site. Birds were surveyed at all point count locations between 5:30 am and 10 
am from May-June in 2015, 2016, and 2017. Each survey consisted of identifying all bird species 
in 5-minute intervals by both visual and aural indicators (Fuhlendorf et al. 2006; Hani et al. 
2014). Using a rangefinder, we measured the distance (m) between the observer and each bird. 
Each bird point count location was surveyed five times per field season at the bison site (n=100 
surveys) and the reference sites (n=70 surveys) to account for imperfect detection. We estimated 
wind speed, rainfall, and cloud cover during each survey using standard bird monitoring 
protocols (Hanni et al. 2014). 
Mammal surveys- We used remotely-triggered wildlife cameras (Cuddeback Long Range 
IR Trail Camera, Cuddeback Capture, Bushnell Primos Truth Cam 35, and Cuddeback Attack IR 
1156), to estimate habitat use by mid-to-large sized mammals before and after the bison 
reintroduction. We evenly distributed different camera models among the three different sites 
(Figure 2.1). To select locations for remotely-triggered wildlife cameras, we used ArcGIS 
software to divide bison and reference sites into 200 x 200 m grids. We then randomly selected 
20 grids at each site, and identified areas within each grid that had signs of wildlife (e.g. trails 
and scat). We placed cameras at least 200 m apart in these areas to maximize species detection 
(O’Connell & Bailey 2011), but did not buffer cameras from fences that divided different sites. If 
we placed a camera near a fence dividing different sites, we made sure to face the camera into 
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the site of interest. We placed cameras 60-80 cm above the ground on posts hammered into the 
ground at each site. Wildlife cameras at bison-grazed (n=19) and reference sites (n=20) operated 
from May-November 2015, 2016, and 2017. We replaced batteries and SD cards every 2-4 
weeks based on the camera type and weather. We downloaded photographs from each camera 
monthly and uploaded photos to the CPW Photo Warehouse program (Newkirk 2016). To ensure 
accuracy in identifying species, at least two observers viewed each photo and identified all 
mammals to species. Discrepancies in species identification were resolved by the lead author 
(KW).  
Vegetation surveys-We measured vegetation from June-July (2015-2017) to observe 
changes in habitat among sites and years that might influence birds and mammals. To measure 
plant composition and structure, we established one 50 m vegetation transect at each wildlife 
camera and point count location in bison-grazed (n=40) and reference sites (n=38). We used a 
Daubenmire frame (Daubenmire 1959) and modified Robel pole (Vinton et al. 1993) to estimate 
percent canopy cover and height, respectively, every 10 m along each transect. We placed the 
Daubenmire frame to the right of the transect tape and alternated sides of the tape every 10 m. 
Within each frame, we recorded the percent canopy cover of bare ground, litter, rock, grasses, 
forbs and shrubs with non-overlapping percentages (Fletcher & Koford 2002). We identified all 
grasses, forbs, and shrubs to species. To measure vegetation structure, we placed the modified 
Robel pole (3.4 cm PVC pipe, 1 meter tall, 1 cm increments marked by alternating black and 
white bands) in the center of each Daubenmire frame. To estimate vegetation height, we 
observed the pole from each cardinal direction (N, S, E, W) at a distance of 4 meters and a height 
of 1 m (Robel et al. 1970). We also conducted a shrub count along the 50 m transect, for which 
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we counted and identified to species all shrubs and sub-shrubs that occurred within 1 m of each 
side of the transect line. 
Visitor Intercept Surveys-To better understand how bison reintroduction affected people’s 
connection to Soapstone, we implemented a mixed-methods approach of a survey followed by 
open-ended questions (Borrie et al. 2002). We implemented structured visitor surveys to 
compare visitor demographics, place attachment, and motivations for visiting this prairie 
ecosystem before and after bison reintroduction (Freimund & Dalenberg 2010). We piloted the 
surveys in June 2015 and determined that weekday visitation rates were too low for sampling (1-
2 people intercepted per day). Thus, we intercepted visitors at the only public entrance gate to 
Soapstone on Saturdays and Sundays during peak visitation months (June-October; (Freimund & 
Dalenberg 2010; Skibins et al. 2012; Folmer et al. 2013) before (2015) and after bison 
reintroduction (2016). Due to low visitation rates on weekends (average of 12 visitors per day), 
we intercepted every vehicle at the entrance gate (Bernard 2011).  
We used two separate structured surveys: the first survey (Appendix 2) took place before 
bison reintroduction (2015) and the second survey (Appendix 2) took place after bison 
reintroduction (2016). The first questionnaire (before reintroduction) included a place attachment 
survey to gauge people’s connections to Soapstone, questions about if and why people thought 
Soapstone was important, and questions regarding people’s past visitation to Soapstone, their 
planned activities for the visit, and demographic information. The second questionnaire included 
the same content; however, if visitors mentioned visiting the site to see bison, we asked follow-
up questions about the bison herd to better understand visitor motivations. These questions asked 
about other places visitors viewed bison, how visitors heard about the Soapstone bison herd, and 
why they wanted to see the Soapstone bison herd. In both years, we also logged all visitors who 
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refused to take the survey, made a note of their group size, and asked them a single question, “Is 
Soapstone important to you?”. We used this information to calculate non-response bias of 
visitors who refused to take the survey.  
Place attachment surveys- The place attachment survey (Appendix 2) is based on scales 
created by Folmer et al. (2013). This survey asked participants how much they agreed or 
disagreed with a series of four statements, such as “I feel very attached to Soapstone Prairie 
Natural Area” and “I want to spend more time in grasslands like Soapstone Prairie Natural 
Area”. The average score of these four statements provided an overall measure of place 
attachment, or the level of connection people feel for a certain space. Folmer et al. (2013) tested 
the ability of the scale to measure these connections using the Cronbach’s alpha test. Cronbach’s 
alpha describes the extent to which each statement in the survey measures the same concept—
place attachment in this instance (Tavakol & Dennick 2011). Folmer et al.’s (2013) scale 
produced a Cronbach alpha of .88, which demonstrates that the statements in the scale accurately 
measure place attachment (Folmer et al. 2013).  
Open-ended questions - We followed the place attachment survey with two questions, “Is 
Soapstone important to you” and, “If yes, why”. These follow-up questions were intended to 
provide more context for understanding people’s connections to bison and the ability of bison to 
make people more aware of grasslands and grassland conservation efforts. These questions were 
designed to help elucidate to what extent charismatic species serve as a flagships in conservation 
awareness (Walpole & Leader-Williams 2002; Smith & Sutton 2008). 
Data Analysis 
Bird Density- To estimate bird detection probabilities and determine whether the density 
of each species differed before and after bison reintroduction, we employed a two-stage approach 
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(Buckland et al. 2015a), in which we used program Distance (Thomas et al. 2010) and the 
Rdistance package (McDonald et al. 2015) in R version 3.4.3. For the first stage of the density 
analysis, we used program Distance to model variation in detection probability, which the 
program used to calculate an effective detection radius (EDR) at each site type (bison or 
reference) and year (2015-2017). Independent variables used to model detection probability 
included categorical (observer, wind, rain) and continuous variables (cloud cover, vegetation 
height, distance to bird; Diefenbach et al. 2003). We report the EDR and detection probability 
estimates for obligate grassland birds (Appendix 2) with models containing p-values ≥ 0.20 for 
Kolmogorov–Smirnov χ2 goodness-of-fit tests (K-S goodness-of-fit) or χ2 goodness-of-fit tests 
(Buckland et al. 2015). For bird species with detection probability models that did not converge 
or meet our criteria for the goodness-of-fit test, we estimated occupancy (habitat use). Three 
obligate grassland bird species met our criteria for calculating density estimates: Horned Larks 
(Eremophila alpestris), Vesper Sparrows (Pooecetes gramineus), and Western Meadowlarks 
(Sturnella neglecta). Before running the analyses, we truncated 10% of observations recorded at 
the largest distances for each species (Buckland et al. 2001). We modelled the data using exact 
distances and the half-normal cosine function for Horned Larks and Vesper Sparrows. To 
improve the fit of the detection function for Western Meadowlarks, we placed data into 5-bins, 
and used a hazard rate cosine function (Buckland et al. 2015).  
 For the second stage of the analysis, we constructed generalized linear mixed effects 
models (GLMMs) using the glmer function in the lme4 package in R version 3.4.3 (Bates et al. 
2015). We used the effective detection radius (EDR, expressed as meters) estimated in program 
Distance to calculate an effective area in hectares (∏*EDR2*0.0001); the log of the effective 
area served as an offset in the GLMMs to account for detectability in the model (Buckland et al. 
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2015). The fixed effects in the GLMMs included site type (bison or reference) and year (2015, 
2016, or 2017). We set individual point count stations, located within the bison and reference 
sites, as a random effect in the model to account for potential correlation in repeat visits to each 
point count station (Oedekoven et al. 2013). We used Akaike’s information criterion (AIC) to 
rank models of bird detection probability and density produced in program Distance and R-
Studio, respectively. We report information on competing models with a ΔAIC<2.0, and AIC 
weights (Burnham & Anderson 2002).  
Bird Habitat Use- To determine whether habitat use by birds differed before and after 
bison reintroduction, we built dynamic occupancy models (Kéry & Chandler 2016) using the 
colext function in R’s unmarked package (Fiske & Chandler 2011). We compared models using 
the AIC model selection process described above. Since our data did not meet all assumptions 
required to estimate occupancy (O’Connell & Bailey 2011), we refer to results from these 
analyses as “habitat use”.  
 We included all obligate and facultative grassland bird species (Appendix 2) with models 
containing p-values ≥ 0.20 χ2 goodness-of-fit tests (Buckland et al. 2015), and we truncated all 
data to 100 m (half the distance between point count stations) to maximize independence 
between sites (O’Connell & Bailey 2011). Bird species that met this criteria included Brewer’s 
Blackbirds (Euphagus cyanocephalus), Grasshopper Sparrows (Ammodramus savannarum), and 
Lark Sparrows (Chondestes grammacus). Site-level covariates used to model variation in habitat 
use included site (bison or reference) and vegetation cover types that did not vary by site or year 
(cool and warm season grasses, and forbs) at the bird point count stations. Covariates used to 
model colonization and extinction probabilities included site (bison or reference) and year (2015-
2017). Observation-level covariates used to model detection probability included categorical 
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covariates (observer, wind, and year) and scaled continuous covariates (cloud cover and 
vegetation height). Rain was highly correlated with year, and thus was not included as a 
covariate.  
 The dynamic occupancy model provides estimates of occupancy for the first year, in 
addition to colonization and extinction estimates in the first time step (from 2015 to 2016) and 
the second time step (from 2016-2017) (MacKenzie et al. 2002). To estimate habitat use for each 
bird species by site in 2016 and 2017, we used a recursive function in R-studio (Appendix 2) 
using the first year habitat use estimate (MacKenzie et al. 2002). We then ran the function 
through parametric bootstrapping (10,000 simulations) to calculate 95% confidence intervals for 
occupancy estimates in each year. We used the outputs of this procedure to calculate χ2  p-values 
to assess model fit. 
Mammal habitat use – To determine the effect of bison reintroduction on habitat use by 
mammals, we selected photos collected in the summer (June-September 2015-2017) to ensure 
that all mammals were resident in the system during the survey period (O’Connell & Bailey 
2011). We defined a sampling occasion in our analysis as 7 days, with each set of 7 days 
separated by a 24-hour rest period to maintain independence between occasions (Shannon et al. 
2014). We constructed a dynamic occupancy model (Kéry & Chandler 2016) using the unmarked 
package (Fiske & Chandler 2011). Site-level covariates used to model variation in habitat use 
included site (bison or reference). Covariates used to model colonization and extinction 
probabilities included site and year (2015-2017). Observation-level covariates used to model 
detection probability included categorical covariates (year and camera model) and scaled 
continuous covariates (vegetation height). We compared models using the same AIC model 
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selection process, as well as the parametric bootstrapping function, described for bird analyses 
above to derive estimates of mammal habitat use and χ2  p-values to assess model fit. 
Plant community characteristics- To determine which vegetation data to use as covariates 
in bird density and bird and mammal habitat use models, we used the results from linear mixed 
effects model for vegetation cover and height at bird point count stations separately from 
vegetation at camera locations. To assess vegetation cover, we grouped species into four 
categories that served as the response variables: Cool season grasses, warm season grasses, forbs, 
shrubs, and bare ground. If the top linear mixed effects models (ΔAIC<2.0) contained site, year, 
or a site by year interaction for a vegetation cover category, then we considered the vegetation 
cover category to be correlated with site or year and we excluded these cover categories as 
covariates in bird and mammal models to avoid issues associated with multicollinearity (Graham 
2003).  
To assess the effect of bison reintroduction on the plant community, we averaged 
vegetation cover and height data from point count stations and wildlife cameras at the bison and 
reference sites. We then built linear mixed effects models using the individual location (camera 
or point count station) as a random effect in the model. For cover and height analyses, we 
divided species into cool season grasses, warm season grasses, forbs, and shrubs. We also 
included bare ground as a category for vegetation cover analyses. Response variables included 
vegetation type, and covariates included site (bison or reference) and year (2015, 2016, or 2017).  
We used Akaike’s information criterion (AIC) to rank models and report information on 
competing models with a ΔAIC<2.0, and AIC weights (Burnham and Anderson 2002). We used 
Simpson’s diversity index (vegan package) to compare plant diversity before and after bison 
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reintroduction (Oksanen et al. 2018). We considered indices to be significantly different if their 
confidence intervals did not overlap.  
Place attachment surveys and open-ended questions- To assess the effects of bison 
reintroduction on visitors, we calculated mean and standard deviation for answers to each of the 
place attachment scale items on the place attachment survey administered before and after bison 
reintroduction. We performed a Welch’s two-sample, unpaired, one-sided t-test using R version 
3.4.3 to test the hypothesis that mean place attachment scores would be higher after bison 
reintroduction (Bernard 2011). We coded responses to the open-ended question, “Why is 
Soapstone important to you?” into themes using NVivo (Bernard 2011). Themes emerged from 
the data based on visitor responses to this question. Two authors (KW and RG) discussed the 
coded statements within each theme and theme definitions to verify the coding structure (Saldaña 
2016). To quantify themes, we calculated the percent of visitors that mentioned each theme 
(Bernard 2011). We also measured non-response bias in 2015 and 2016 using Pearson’s Chi-
square test to see if non-respondents and respondents differed in group sizes and response to the 
question, “Is Soapstone important to you?” (Barclay et al. 2002). 
RESULTS 
Effect of Bison Reintroduction on Bird Density and Habitat Use- Across all sites and 
years, we observed 50 species of birds (Appendix 2). For bird species with sufficient detections 
for analysis, we report densities (Horned Lark, Western Meadowlark, Vesper Sparrow) and 
habitat use (Grasshopper Sparrow, Lark Sparrow, Brewer’s Blackbirds; Figure 2.2). We also 
report estimates of detection probability and the variables that appeared in the top model for all 





Figure 2.2. Density (left axis) and habitat use (right axis) of grassland birds at bison (black), and 
reference sites (gray) before (2015) and after (2016-2017) bison reintroduction. 
 
 There was no strong or consistent effect of bison reintroduction on bird density or habitat 
use (Figure 2.2). None of the top models for density or habitat use included a site by year 
interaction (Appendix 2). Horned Lark and Vesper Sparrow densities remained constant over 
time at both the bison and reference sites (Figure 2.2). In addition, Western Meadowlark 
densities and habitat use for Lark Sparrows and Brewer’s Blackbirds did not change at bison site 
relative to the reference site over the study period (Figure 2.2). Grasshopper Sparrow habitat use 
31 
 
increased slightly in the bison site over time, but the top model for this species did not include a 
site by year interaction (Appendix 2). 
Effects of Bison Reintroduction on Mammal Habitat Use- Across all sites and years, we 
observed 14 species of mammals (Appendix 2). The species or taxa with a sufficient number of 
detections for occupancy analyses included mule deer, pronghorn, coyote (Canis latrans), and 
lagomorphs: black-tailed jackrabbits (Lepus californicus), white-tailed jackrabbits (Lepus 
townsendii), and desert cottontails (Sylvilagus audubonii). 
 Bison reintroduction did not affect habitat use of coyote or pronghorn, and models with 
site by year interactions for colonization and extinction probabilities did not converge for any 
species. We observed a decreasing trend in habitat use for lagomorphs and mule deer at the bison 
site compared to the reference site (Figure 2.3), and mule deer extinction probabilities were 





Figure 2.3. Habitat use for coyote, lagomorphs, mule deer, and pronghorn at bison (black) and 
reference (gray) sites before (2015) and after (2016-2017) bison reintroduction. *Lagomorphs 
include Black-tailed Jackrabbits, White-tailed Jackrabbits, and Cottontail rabbits. 
 
Plant community characteristics- We documented 19 grass species, 40 species of forbs, and 14 
shrub species at bison and reference sites. Top models for height and cover of forbs and cover for 
bare ground included an interaction between site and year (Table 2.1). Cover for bare ground 
was significantly higher in the bison site compared to the reference site and declined over time in 
both sites. The cover and height of forbs, warm and cool season grasses, and shrubs did not differ 
significantly in the bison site after bison reintroduction (Appendix 2).  
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Table 2.1.  Top linear mixed models (ΔAIC ≤ 2) for how fixed effects—bison (Bis) or reference (Ref) sites and year (2015, 2016, 
2017)—influenced cover and height of cool season grasses (Cool), warm season grasses (Warm), forbs, and shrubs, and bare ground 
(Bare) percent cover. We list the model, parameters (k), AIC, ΔAIC, and model weight (w). We list the direction of the fixed effects 
for the top model (model with the most weight). We present the cover and height estimates and their direction, cited as (+) = positive, 
(-) = negative, or no change (.) in reference to the bison site before reintroduction (2015). Dotted line separates years before (2015) 
and after (2016 and 2017) bison reintroduction. 
 
      β 














Cool  Null 3 1680.13 0.00 0.42 19.08 19.08(.) 19.08(.) 19.08(.) 19.08(.) 19.08(.) 
 Site 4 1681.58 1.45 0.20       
 Site x Year 8 1681.62 1.49 0.20       
 Year 5 1681.92 1.78 0.17       
Warm  Null 3 1736.59 0.00 0.54 19.06 19.06(.) 19.06(.) 19.06(.) 19.06(.) 19.06(.) 
 Site 4 1737.71 1.12 0.31       
Forbs Site x Year 8 1200.64 0.00 0.86 5.10 6.85(+) 4.55(-) 4.38(-) 2.51(-) 2.43(-) 
Shrubs Site 4 1450.38 0.00 0.85 4.69 4.69(.) 4.69(.) 8.15(+) 8.15(+) 8.15(+) 
Bare  Site x Year 8 1584.48 0.00 0.84 28.43 16.99(-) 15.02(-) 17.29(-) 32.97(+) 32.13(+) 
HEIGHT 
 
Cool  Site x Year 8 1323.76 0.00 0.86 11.16 9.18(-) 5.15(-) 15.10(+) 9.18(-) 8.96(-) 
Warm  
Year 5 719.33 0.00 0.62 5.55 5.99(+) 3.42(-) 5.55(.) 5.99(+) 3.42(-) 
Site x Year 8 720.30 0.96 0.38       
Forbs Site x Year 8 1030.46 0.00 0.97 9.46 9.55(+) 4.35(-) 17.60(+) 4.24(-) 3.82(-) 
Shrubs Site x Year 8 1245.68 0.00 0.99 12.66 11.81(-) 8.04(-) 26.95(+) 10.44(-) 5.29(-) 
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Effects of Bison Reintroduction on Visitor Place Attachment- We intercepted 243 people 
before bison reintroduction (2015) and 525 people after bison reintroduction (2016). Our 
response rate was 75% (n=184) in 2015 and a 56% (n=302) in 2016. We surveyed approximately 
the same ratio of women to men in 2015 (74%) and 2016 (76%), and most were in the age range 
of 36-55 in both years (49% in 2015 and 45% in 2016). Most respondents (81% in 2015 and 85% 
in 2016) were local to the area. In both years, the majority of visitors identified as Caucasian 
(94%) and had either bachelors or graduate degrees (40%; Appendix 2). We did not detect a non-
response bias based on responses of participants and non-respondents in both years to the 
question, “Is Soapstone Prairie important to you?” (2015: χ2= 1.52, df = 1, p = 0.21 and 2016: χ2 
= 3.10, df = 1, p = 0.08). Further, we did not find a significant difference in group size between 
participants and non-respondents (2015: χ2 = 4.02, df = 7, p = 0.78 and 2016: χ2 = 9.75, df = 5, p 
= 0.08).  
Of the people who responded “yes” to taking the survey, all completed the place 
attachment in 2015 and 2016. The statements ranked by visitors had high internal consistency 
(Cronbach alpha>.8; Folmer et al. 2013) for measuring place attachment in both years (Appendix 
2). Visitors had significantly higher place attachment scores after the bison reintroduction 
(Figure 2.4). In addition, a higher percent of people agreed that they felt at home in Soapstone 
and wanted to spend more time in grasslands like Soapstone after the bison reintroduction 





Figure 2.4. Mean score with confidence intervals for “place attachment” of visitors to Soapstone 
Prairie Natural Area on a scale of 1-5 (1 =“Strongly Agree” and 5 = “Strongly Disagree”) before 
(2015) and after (2016) bison reintroduction. This index was calculated from a series of 
questions on a survey administered to visitors to Soapstone Prairie Natural Area. 
 
For the open-ended question, “Why is Soapstone important to you?”, around 95% of 
visitors in 2015 (n=174) and in 2016 (n=286) said Soapstone was important to them and 
explained why. The top ten themes (Figure 2.5) that emerged from responses were similar 
between years, but several themes shifted, including “Historical Significance” emerging as a 
main theme in 2016, and more people citing the “Importance of Protecting Open Space” in 2016 





Figure 2.5. Percent respondents (number of respondents within each theme/total number of 
respondents) of themes before (2015) and after (2016) the bison reintroduction at SPNA in 
response to the open-ended question, “Why is Soapstone Prairie important to you?” (A. An 
uncrowded place to get away, B. Close and convenient, C. Historical significance, D. Important 
to protect open space, E. Nature preservation or conservation, F. Place to enjoy nature or the 
outdoors, G. Recreation asset, H. Undisturbed or undeveloped, I. Unique place, J. Wildlife) 
 
DISCUSSION 
Our results highlight the importance of assessing both ecological and social dimensions 
of reintroduction efforts. Most previous research on the ecological effects of bison focused on 
their keystone role in ecosystem processes (Frank & Evans 1997; Knapp et al. 1999; Coppedge 
et al. 1999; Fuhlendorf & Engle 2004; Towne et al. 2005). In contrast, no previous study has 
quantified the ecological effects of bison reintroduction in tandem with social outcomes such as 
place attachment. We helped fill this knowledge gap by assessing changes in bird density, bird 
and mammal habitat use, vegetation characteristics, and human connections in response to the 
reintroduction of this charismatic, native herbivore. We detected few changes to bird and 
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mammal communities within two years of bison reintroduction, but we did observe reduced plant 
cover and height for some vegetation types. Furthermore, we found immediate and significant 
differences in people’s attachment to the site following reintroduction.  
Our bird density and habitat use results are somewhat inconsistent with other studies that 
demonstrated increases in bird abundance in tall and mixed grass prairie. However, these studies 
occurred at sites that were grazed by bison over longer time periods (up to 23 years), at higher 
densities (1.2 animal unites/hectare/year), and were burned as well as grazed (Griebel et al. 1998; 
Powell et al. 2006). In contrast to these studies, we found that Western Meadowlark, Horned 
Lark, and Vesper Sparrow densities and Grasshopper Sparrow habitat use did not change in 
response to bison reintroduction. Lark Sparrows, which increased slightly, but not significantly 
following bison reintroduction, prefer to forage or nest in moderately grazed areas with mixed to 
tall grasses (Dechant et al. 2001). We observed decreases in plant cover and height following 
bison reintroduction, which could indicate that bison have begun to create conditions that 
provide high quality habitat for obligate and facultative grassland birds (Towne et al. 2005).  
It is possible that we detected little to no bird response to bison reintroduction because 
climate can be more important than grazing as a driver of bird abundance in arid grasslands, 
particularly where grazing intensity is low-moderate (Niemuth et al. 2008; Lipsey & Naugle 
2017). For example, the decrease in density and habitat use by Western Meadowlark across both 
bison and reference sites can probably be attributed to fluctuations in precipitation during our 
study period (Niemuth et al. 2008). During 2015, the year prior to bison reintroduction, rainfall 
averages peaked at 196 mm from May-June, which was three times higher than historic averages 
(58 mm) for northern Colorado (“Historical Weather” 2018). Rainfall during this year was also 
higher than in May-June 2016 (43 mm) and 2017 (95 mm) (“Historical Weather” 2018). Other 
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studies have demonstrated the effects of climate on nest survival for shortgrass prairie bird 
species (Skagen & Adams 2012; Conrey et al. 2016). Conrey et al. (2016) describe decreases in 
nest survival for shortgrass prairie birds during periods of drought or increased temperatures. For 
example, Lark Buntings were only abundant at our site during 2015, which is consistent with 
previous studies that demonstrated positive correlations between Lark Bunting productivity in 
areas with higher precipitation (Skagen et al. 2012).  
Few studies have measured the effects of bison reintroduction on mid-to-large sized 
mammals. We did not observe significant changes in habitat use by mammals in response to 
bison reintroduction, but we did observe several trends (Figure 3). Pronghorn habitat use 
remained constant and coyote habitat use increased in the bison site after the reintroduction, 
while lagomorph and mule deer habitat use decreased. Coyote have been known to prey upon 
bison calves in Yellowstone (Sheldon et al. 2009), which could explain increased habitat use 
following bison reintroduction. We observed decreases in lagomorph habitat use following the 
bison reintroduction that contrasts with previous studies on small mammals that have found an 
increase in abundance following bison introduction (1.2 animal units/hectare), particularly when 
grazing was paired with burning (Matlack et al. 2001). The decrease in lagomorphs could be in 
response to the increased habitat use by their main predator, coyotes (Gosselin et al. 2017). 
We observed no change in plant species diversity or percent cover of cool and warm 
season grasses, but the percent cover of forbs and bare ground decreased following the bison 
reintroduction. These vegetative responses to bison grazing were inconsistent with previous 
findings. Towne et al. (2005) examined shifts in vegetation on bison-grazed, cattle-grazed, and 
ungrazed sites over ten years in tallgrass prairie with stocking densities of 1.7 animal 
units/hectare, and found that warm season grass cover decreased and cool season grass cover 
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increased on bison-grazed pastures. Others have documented higher forb biomass (Fahnestock & 
Knapp 1994) and cover (Towne et al. 2005) in annually or seasonally burned bison-grazed 
pastures. In contrast to vegetation cover, we documented a decline in the average height of cool 
and warm season grasses, forbs, and shrubs after the bison reintroduction. This is consistent with 
past studies showing that bison in other shortgrass prairie systems graze on cool and warm 
season grasses, forbs and sub-shrubs, such as Artemisia frigida and Gutierrezia sarothrae (Peden 
et al. 1974), which are the two most common sub-shrubs in our study site. Yet, while our models 
provided some indication that plant cover and height were altered by bison grazing, we urge 
caution in interpreting these results as the confidence intervals for cover and height estimates 
before and after bison reintroduction were often overlapping (Appendix 2).  
Bison serve as a “flagship” species (Leader-Williams & Dublin 2000), which can serve as 
an icon for protecting a particular ecosystem. Although we detected few ecological effects in the 
two years following bison reintroduction, we measured a significant increase in people’s 
connections to Soapstone. Our research supports the idea that people connect with landscapes in 
which they can view wildlife (Tremblay 2008), and more specifically, bison. We found that 
visitors cited the importance of protecting open spaces more frequently after the bison 
reintroduction, suggesting that the presence of bison forged stronger connections between 
visitors and grassland ecosystems. Historical significance emerged as a top ten theme for 2016 
compared to 2015, which may be attributed to the reintroduction of the iconic bison that once 
roamed the Great Plains. On the contrary, people cited the importance of Soapstone as an 
uncrowded place less often after the bison reintroduction compared to before. This shift could 
suggest that the bison reintroduction attracted more visitors and people who visited Soapstone in 
2016 did not perceive the area as uncrowded. Understanding people’s connections to open space 
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can aid parks and protected area managers in developing programs or making management 
decisions informed by public perception. In doing so, managers can potentially reduce future 
conflicts, while enhancing the visitor experience and conservation goals (Williams & Vaske 
2003). 
Although we found marked differences in social responses and some ecological 
responses to bison reintroduction, our study was limited both spatially and temporally and should 
be interpreted accordingly. We expect that the direction and magnitude of our ecological and 
social results may reverse over time. We may observe stronger ecological responses to the bison 
as the herd grows, grazing intensity increases, and bison spend more time on the landscape. 
Conversely, place attachment scores in the coming years following the bison reintroduction may 
decrease or stabilize as the initial public excitement surrounding the reintroduction ebbs.  
To fully understand how bison reintroduction influences grassland birds, mammals, 
plants, and people, future research should employ a before-after-control-impact (BACI) design, 
with consistent long-term monitoring, across a network of reintroduction sites (Griebel et 
al.1998; Towne et al. 2005). Because fire was historically also an important part of disturbance 
regimes in western grasslands, evaluating the effects of coupling bison grazing with controlled 
burns should also be a priority. Pyric herbivory in grasslands has been cited as an important tool 
for creating heterogeneous habitat that is critical for sustaining obligate grassland birds, 
mammals, and insects (Fuhlendorf et al. 2009). Most studies in tall and mixed grass prairie have 
observed changes to flora and fauna in response to bison grazing coupled with annual burns 
(Fahnestock & Knapp 1994; Griebel et al.1998; Matlack et al. 2001; Towne et al. 2005; Powell 




In addition to measuring ecological responses, bison reintroduction research should 
consider the social factors surrounding the reintroduction. Social science remains poorly 
represented in species reintroduction efforts (Seddon et al. 2007), yet the success of these 
reintroductions requires understanding a broad range of people’s perspectives. Our study was 
limited to evaluating visitor responses to bison reintroduction. Future studies should also 
consider the perspectives of adjacent landowners, cattle and bison ranchers, tribal groups, and 
other relevant stakeholder groups (Reading et al. 2002). Collaboration across disciplines, space, 
and time will be critical to gaining a better understanding of bison’s current and future role as a 
keystone and flagship species in grassland landscapes.  
CONCLUSION 
In the two years following the reintroduction of bison to shortgrass prairie, we found that 
obligate and facultative grassland bird densities and habitat use did not change. Bison 
reintroduction also did not strongly affect habitat use by coyote, lagomorphs, mule deer, or 
pronghorn. We did find some support for a decrease in the percent cover and height of cool 
season grasses, forbs, and bare ground, and a slight increase in the percent cover of warm season 
grasses as a result of bison reintroduction. Although we observed few ecological effects, we 
documented significant increases in human visitor attachment to the grassland after 
reintroduction, with people more frequently emphasizing the importance of protecting open 
spaces with bison on the landscape. These findings could be an indication of the largely untapped 
potential for bison refaunation to catalyze the conservation of grasslands, which remains one of 
the world’s most threatened biomes.  
42 
 
CHAPTER THREE: ECOLOGICAL REPLACEMENTS? EFFECTS OF BISON AND 





Defaunation (the local decline or extinction of animals) can rapidly shift evolutionary 
patterns (Palumbi 2001) and disrupt ecosystem functions (Ascunce et al. 2011). An often 
controversial approach to counter global defaunation involves introducing non-native species to 
replace the ecological role of functionally extinct species (Seddon et al. 2014). Opponents to 
non-native species reintroductions cite the well-documented ecological and economic threats that 
invasive species pose to the environment and society (Simberloff 2005, Lodge et al. 2006), 
which may take years to manifest (Crooks & Soulé 1999). In cases where non-native species 
become invasive, they impact global biodiversity (Sax & Gaines 2008), cost billions of dollars to 
eradicate (Pimentel et al. 2005), and threaten human well-being by altering the flow of 
ecosystem services (Pejchar & Mooney 2009). However, there is a growing body of work that 
suggests that non-native species can help advance conservation goals (Marris 2011, Schlaepfer et 
al. 2011). For example, non-native species can serve as ecosystem engineers and restore 
ecosystem services where native species are extinct (Griffiths et al. 2010, Schlaepfer et al. 2011).  
Whether non-native species can serve as proxies for extinct or rare native species without 
causing negative ecological effects (Caro & Sherman 2009, Ricciardi & Simberloff 2009) is a 
particularly relevant question in North American grasslands. Cattle have largely replaced bison 
as large grazing animals in these ecosystems (Knapp et al. 1999; Towne et al. 2005; Fuhlendorf 
et al. 2010; Kohl et al. 2013). Previous research has demonstrated that cattle and bison can 
interact differently with grassland ecosystems. Bison tend to graze across larger areas than cattle 
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(Kohl et al. 2013) and prefer grasses (Plumb & Dodd 1993; Knapp et al. 1999), while cattle 
graze both grasses and shrubs and spend more time at sites with woody vegetation (Allred 2011). 
Yet despite potential differences in grazing between the two species, it is feasible that cattle can 
be managed to achieve similar conservation outcomes as bison (Fuhlendorf et al. 2010). This 
idea is supported by a meta-analysis that found grazing intensity and evolutionary history of 
grazing serve as primary drivers affecting plant species composition and above ground net 
primary production (Milchunas & Lauenroth 1993). 
Past studies comparing the effects of bison and cattle grazing on plant and animal 
communities report mixed results. Towne et al. (2005) found that both bison and cattle promoted 
diversity of tallgrass prairie plants at a site with 1.7 animal units/ha after 10 years of grazing. In 
contrast, sites that were burned and grazed by bison at an intensity of 1.2 animal units/ha 
supported higher bird species richness compared to cattle-grazed sites (Griebel et al. 1998). Yet, 
effects on bird abundance were inconsistent among species; Horned Larks (Eremophila 
alpestris) and Lark Sparrows (Chondestes grammacus) were more abundant in burned sites with 
bison, while Western Meadowlark (Sturnella neglecta) densities were higher in cattle grazed 
sites (Griebel et al. 1998). Some researchers suggest one mechanism that could explain similar 
ecological effects is bison wallowing and cattle pawing at the ground, which may act as 
analogous forms of disturbance that generate heterogeneity in grasslands (Milchunas et al. 1998). 
In addition, both bison and cattle use riparian areas ten times more frequently at high 
temperatures (36-39°C), an important factor to consider as the climate warms in some regions. 
Whether or not cattle can serve as an ecological proxy for bison may depend on abiotic and 
biotic characteristics of the site, as well as historic and ongoing management practices 
(Fuhlendorf 2010).  
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Most research comparing the ecological effects of bison and cattle grazing has focused on 
tallgrass, mixed grass, and shrub steppe grasslands, but the relative ecological roles of bison and 
cattle in shortgrass prairie are not well understood. Of all prairie ecosystems in North America, 
the largest percent (52%) of shortgrass prairie persists, with the potential to support a wide 
diversity of prairie flora and fauna compared to the more fragmented and less abundant tall and 
mixed grass prairies (Samson et al. 2004). Shortgrass prairie may respond differently to grazing 
compared to tall or mixed grass prairies because shortgrass prairies fall within semiarid 
landscapes (Lauenroth & Sala 1992), with mean annual precipitation (MAP) ranging from 246-
375 mm (Knapp et al. 2015). In contrast, tall and mixed grass prairies have higher mean annual 
precipitation at 400-584 mm and 892 mm, respectively (Knapp et al. 2015). These precipitation 
regimes affect nutrient cycling and net primary production, and act as one of the primary factors 
that affect the plant species that can survive in these environments (Knapp et al. 2008). Thus, it is 
important to understand the comparative effects of bison and cattle grazing in semiarid 
shortgrass prairies where climate may interact with grazing to shape plant and bird communities.     
Recent bison reintroductions to shortgrass prairie in Colorado and New Mexico offer the 
opportunity to explore whether bison and cattle have similar potential to maintain or restore 
habitat quality for grassland plants and birds. Ten bison were reintroduced to a shortgrass prairie 
site in northern Colorado in 2015 and this herd grew to 54 animals by 2018. Sixty bison were 
reintroduced to Rio Mora National Wildlife Refuge in New Mexico in 2009 and have grazed 
continuously to the present. Bison were reintroduced to northern Colorado as part of an effort to 
restore historic, native animal communities on Soapstone Prairie Natural Area and Red Mountain 
Open Space (City of Fort Collins Natural Areas Program 2007). In addition, these bison are part 
of a larger effort to mitigate disease (e.g., brucellosis) while preserving the unique genetic 
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lineage of the Yellowstone bison herd. In northern New Mexico, bison were reintroduced to Rio 
Mora National Wildlife Refuge to help restore grassland habitat and as cultural resource for local 
Native American tribes, who help to manage the herd (U.S. Fish and Wildlife Service 2012a). 
Prior to bison reintroduction, cattle grazed both sites for more than 100 years (Martin 2009; (U.S. 
Fish and Wildlife Service 2012b), and cattle continue to graze most of the pasture surrounding 
the bison-grazed areas in both states.  
The objectives of this study were to evaluate whether bison and cattle have similar effects 
on shortgrass prairie bird and plant communities, and to evaluate whether the effect size differs 
between a recent reintroduction site (Colorado) compared to a site where bison have been 
established for almost 10 years (New Mexico). Our specific research questions were: 1) how do 
bison and cattle grazing differentially affect bird habitat use, bird density, plant cover, and plant 
height relative to ungrazed sites?, and 2) does the direction and magnitude of these effects differ 
in shortgrass prairie where bison are well-established compared to a recent bison reintroduction?  
METHODS 
Study areas- To compare the effects of bison and cattle grazing on bird and plant 
communities, we selected bison, cattle, and ungrazed reference sites in shortgrass prairies of 
northern Colorado and northeastern New Mexico (Figure 3.1). Cattle have grazed these areas in 
both Colorado and New Mexico for more than 100 years, while bison have grazed the Colorado 
site since 2015 and the New Mexico site since 2009. Our Colorado study sites were located at 
Soapstone Prairie Natural Area and Red Mountain Open Space, hereafter, Soapstone and Red 
Mountain (Figure 3.1), located about 48 km north of Fort Collins, Colorado (U.S.A.). The 
elevation ranges from 1219-2200 m and 70 percent of the area is classified as shortgrass 
prairie/grassland ecosystem with dominant vegetation including grama (Bouteloua gracilis) and 
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buffalo grasses (Bouteloua dactyloides) (City of Fort Collins Natural Areas Program 2007). This 
ecosystem also hosts a diverse animal community, including 130 bird species and more than 30 
mammal species. These include species of conservation concern, such as the Lark bunting  
 
Figure 3.1 Study areas in Colorado and New Mexico 
(Calamospiza melanocorys) and burrowing owl (Athene cunicularia) (City of Fort Collins 
Natural Areas Program 2007). Until approximately 100 years ago, Colorado’s shortgrass prairies 
were grazed by large herds of bison (Isenberg 2000). Homesteaders arrived in the late 1860’s and 
began to graze sheep and cattle at Soapstone and Red Mountain (Martin et al. 2009). These lands 
were purchased by the City of Fort Collins (Soapstone) in 2009 and Larimer County (Red 
Mountain) in 2001. After this change in ownership, the majority of this land continued to be 
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grazed by cattle through leases with local ranchers. In November 2015, eleven bison were 
reintroduced to a fenced 393-hectare pasture split between Soapstone Prairie and Red Mountain 
(Figure 3.1). The bison site was not grazed by cattle for five years prior to the reintroduction (J. 
Fredrickson, personal communication). The herd has since grown, with 54 bison grazing the site 
as of June 2018. 
Our New Mexico study sites were located in and adjacent to the Rio Mora National 
Wildlife Refuge (hereafter, Rio Mora). Rio Mora’s elevation ranges between 1219-2100 m, and 
the primary vegetation communities include shortgrass steppe and piñon juniper woodlands 
(U.S. Fish and Wildlife Service 2012b). Rio Mora also hosts more than 150 avian species (U.S. 
Fish and Wildlife Service 2012c), including grassland bird species of conservation concern such 
as the burrowing owl (Athene cunicularia), loggerheaded shrike (Lanius ludovicianus), and long-
billed curlew (Numenius americanus) ((U.S. Fish and Wildlife Service 2012b). The Rio Mora 
National Wildlife Refuge was established in Northeastern New Mexico in September 2012, after 
the former Wind River Ranch donated approximately 1862 hectares of land to create the refuge 
(U.S. Fish and Wildlife Service 2012b). The Wind River Ranch ceased cattle ranching activities 
in the 1980’s to set their property aside for conservation purposes, and donated the land to the 
National Wildlife Refuge system in 2012 (“One Year of Rio Mora” 2013; U.S. Fish and Wildlife 
Service 2012b). The refuge is a unique system in that it is the only National Wildlife Refuge not 
managed solely by the federal government. Rio Mora works with the Denver Zoo to manage the 
land and wildlife, while the Pueblo of Pojoaque people own and manage the bison herd (U.S. 
Fish and Wildlife Service 2012c; McKinney 2014). Bison were reintroduced to the Wind River 
Ranch in 2009 and include between 58-61 individuals.  
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Study Design- We established a bison, cattle and ungrazed reference site at each study 
location. In Colorado, the fenced bison site located within Soapstone Prairie Natural Area 
(Figure 3.1) is about 393 hectares and had around .07 animal units/ha in 2016 and 2017. The 
reference site consists of several areas (309 acres in total) near the bison site that were 
infrequently grazed by cattle for the previous 10 years. The adjacent 266 ha cattle site is on Red 
Mountain Open Space and is grazed yearly by .10 animal units/ha for 4-6 weeks from March 1st 
– November 30th. The cattle are then rotated to other pastures on Red Mountain (T. Rollins, 
personal communication).  
The fenced bison site (370 ha) and reference site (83 ha) in New Mexico are both within 
Rio Mora National Wildlife Refuge (Figure 3.1). The bison site has .04 animal units/ha and the 
reference site is theoretically available to bison but is difficult to access and bison graze at this 
location only 1-2 times per year (L. Ramirez, personal communication). The cattle site (266 ha) 
is located on an adjacent, privately-owned ranch. This pasture is grazed yearly, with occasional 
rest periods, by an average of .10 animal units/ha (Fort Union Ranch 2017). Mule deer, elk and 
pronghorn can cross fences and graze bison, cattle and reference sites at both locations. 
Bird surveys- To estimate density and habitat use of birds at bison, cattle, and reference 
sites in Colorado and New Mexico, we randomly selected point count locations within the bison-
grazed, cattle-grazed, and reference sites. The point count locations (Figure 1) were buffered 200 
m from fences (Fuhlendorf et al. 2006), and spaced 200-250 m from one another to minimize the 
likelihood of double-counting individuals (Hanni et al. 2014). In addition, we also buffered 
points at least 200 meters from tree stands to ensure sampling within the same vegetation type at 
all sites. This resulted in 20 point count locations in bison and cattle sites in Colorado and New 
Mexico, 14 point count stations across two reference site sites in Colorado and 6 point count 
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locations in the New Mexico reference site. Birds were surveyed at all sampling points between 
5:30 am and 10 am between May-July in 2016 and 2017. Each survey consisted of identifying all 
bird species visually or aurally in 5-minute intervals (Fuhlendorf et al. 2006; Hani et al. 2014). 
Using a rangefinder, we measured the distance (m) between the observer and individual birds. 
Each bird point count location was surveyed five times per field season at the bison (n=100 
surveys), cattle (n=100 surveys), and reference sites (n=70 surveys) in Colorado to account for 
imperfect detection. In New Mexico, each bird point count station was surveyed four times per 
field season at the bison (n=72 surveys), cattle (n=80 surveys), and reference sites (n=24 
surveys). During each survey, we estimated wind speed, rainfall, and cloud cover using standard 
protocols and codes from the Bird Conservancy of the Rockies bird monitoring program (Hanni 
et al. 2014). 
Plant surveys-We surveyed plant communities between June and August (2016) in both 
Colorado and New Mexico to quantify potential differences in plant composition and structure, 
and to measure habitat characteristics that might influence bird density and use. To measure 
plant composition and structure, we established one 50 m vegetation transect at each point count 
location in bison-grazed, cattle-grazed, and reference sites. We used a Daubenmire frame 
(Daubenmire 1959) and modified Robel pole (Vinton et al. 1993) to estimate percent canopy 
cover and height, respectively, every 10 m along each transect. We placed the Daubenmire frame 
to the right of the transect tape and alternated sides of the tape every 10 m. Within each frame, 
we recorded the percent canopy cover of bare ground, litter, rock, grasses, forbs and shrubs with 
non-overlapping percentages (Fletcher & Koford 2002). We identified all grasses, forbs, and 
shrubs to species. To measure plant structure, we placed the modified Robel pole (3.4 cm PVC 
pipe, 1 meter tall, 1 cm increments marked by alternating black and white bands) in the center of 
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each Daubenmire frame. To estimate plant height, we observed the pole from each cardinal 
direction (N, S, E, W) at a distance of 4 meters and a height of 1 m (Robel et al. 1970). We also 
conducted a shrub count along the 50 m transect, for which we counted and identified to species 
all shrubs and sub-shrubs that occurred within 1 m of each side of the transect line. 
Data Analysis 
Bird Density- To determine if bird density differed between bison, cattle, and reference 
sites, we estimate densities of a subset of bird species using a two stage approach (Buckland et 
al. 2015b).First, we used program Distance to model variation in detection probability and 
estimate an effective detection radius. We modeled detection probability for birds with models 
that converged in program Distance and truncated 10% of observations collected at the largest 
distances for each species (Buckland et al. 2001). To estimate detection probability between 
bison, cattle, and reference sites, we analyzed each geographic location (Colorado or New 
Mexico), site type (bison, cattle, or reference) and year (2016 and 2017) separately. Independent 
variables used to model detection probability included categorical variables, such as observer, 
wind, and rain, while continuous variables included cloud cover, plant height, and distance from 
the observer to the bird. Three obligate grassland birds in Colorado and New Mexico met our 
criteria for density analyses. The species included Horned Lark, Vesper Sparrow (Pooecetes 
gramineus), and Western Meadowlark. We used either a half normal cosine function or a hazard 
rate cosine function, sometimes with data placed into 5 intervals or bins, to improve the fit of the 
detection function (Appendix 3). 
For the second stage of the analysis, we constructed generalized linear mixed effects 
models (LMMs) using the glmer function in the lme4 package in R-studio (Bates et al. 2015). 
We used the effective detection radius (EDR, expressed as meters) estimated in program 
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Distance to calculate an effective area in hectares (∏*EDR2*0.0001); the log of the effective 
area served as an offset in the GLMMs. The fixed effects in the GLMMs included site type 
(bison, cattle, or reference) and year (2016 or 2017). We set individual point count stations, 
located within the bison, cattle, and reference sites, as a random effect in the model. For bird 
species with models that did not converge in program Distance or meet our criteria for the 
goodness-of-fit tests in program Distance, we estimated occupancy (habitat use). To rank models 
produced in program Distance and R-Studio, we used Akaike’s information criterion (AIC). We 
report information on competing models with a ΔAIC between 0.0-2.0, which indicates that 
these models have empirical support, and we report the AIC weight (Burnham et al. 2002). We 
only included models with rounded p-values≥0.20 for Kolmogorov–Smirnov χ2 goodness-of-fit 
tests (K-S goodness-of-fit) or χ2 goodness-of-fit (Buckland et al. 2015).  
Bird Habitat Use (Colorado only)- To determine if habitat use by birds varied among 
bison, cattle, and reference sites, we built dynamic occupancy models (Kéry & Chandler 2016) 
in RStudio’s unmarked package (Fiske & Chandler 2011). We compared models using the AIC 
model selection process described above. We will refer to results from occupancy analyses as 
“habitat use”, since we did not meet all assumptions for independence of sites and detections for 
occupancy (O’Connell & Bailey 2011). Since we included bird species with a minimum of 2-12 
observations for each site and year, we were only able to conduct habitat use analyses on birds in 
Colorado. To maximize independence between sites we truncated all data to 100 m (half the 
distance between point count stations) to maximize independence between sites (O’Connell & 
Bailey 2011). Site-level covariates used to model variation in habitat use included site (bison, 
cattle, or reference). Yearly covariates for modelling colonization and extinction probabilities 
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included site and year (2016 and 2017). Observation-level covariates used to model detection 
probability included rain, observer, wind, cloud cover, and vegetation height.  
The dynamic occupancy model provides estimates of occupancy for the first year (2016), 
in addition to colonization and extinction estimates from 2016 to 2017. To calculate an estimate 
of habitat use in 2017, we constructed a recursive equation (MacKenzie 2003) in RStudio 
(Appendix 2) using the 2016 habitat use estimate derived from the top model and ran the 
function through parametric bootstrapping (10,000 simulations) to obtain 95% confidence 
intervals. To assess model fit, in addition to AIC values, we used parametric bootstrapping 
(10,000 simulations) to calculate χ2  p-values. 
Plant Cover and Height- To assess the effect of bison reintroduction on plant 
communities, we grouped species into four categories that served as the response variables: Cool 
season grasses, warm season grasses, forbs, shrubs, and bare ground. We then built linear mixed 
effects models, using the individual location (point count station) as a random effect in the 
model. Response variables included plant category, and covariates included site (bison, cattle, or 
reference). We used Akaike’s information criterion (AIC) to rank models (Burnham and 
Anderson 2002). If the top model for plant cover or height category included site as the 
covariate, then we considered the plant category to be correlated with site and we excluded these 
cover categories as covariates in the bird density and habitat use models described above to 
avoid issues associated with multicollinearity (Graham 2003). To compare plant species diversity 
among bison, cattle, and reference sites, we calculated Simpson’s diversity index using the vegan 
package (Oksanen et al. 2018) and considered diversity to differ among sites if confidence 




Bird density and habitat use- We found that grassland bird responses to bison and cattle 
grazing were not uniform across species or study areas (Appendix 3). In both Colorado and New 
Mexico, bison and cattle grazed sites supported higher densities of Horned Larks compared to 
reference sites (Figure 3.2).  
 
Figure 3.2 Density estimates for grassland birds in Colorado and New Mexico at sites grazed by 
bison (black circle), cattle (dark gray triangle), and ungrazed reference sites (light gray square). 
There were insufficient observations to estimate density at the reference site for Horned Larks in 
New Mexico.  
 
However, bison-grazed sites in Colorado supported higher densities of Horned Larks compared 
to cattle and reference sites, while in New Mexico, bison and cattle sites supported equal 
densities of Horned Larks, with too few individuals to estimate density on the reference site. 
Furthermore, cattle grazed sites in Colorado and New Mexico supported higher densities of 
Vesper Sparrows compared to bison sites. In Colorado, Vesper Sparrow density at the cattle-
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grazed site was significantly different from both the bison and reference sites, while in New 
Mexico, Vesper Sparrow density in the cattle site differed significantly from the bison site. 
Western Meadowlark densities in Colorado were higher at the bison and cattle sites compared to 
the reference site, yet equal among all sites in New Mexico. 
Based on overlapping confidence intervals, we report no significant differences in habitat 
use for Lark Sparrows or Grasshopper Sparrows at the Colorado study area (Figure 3.3). 
  
Figure 3.3 Density and habitat use estimates for obligate and facultative grassland birds in 
Colorado at sites grazed by bison (black circle), cattle (dark gray triangle), and ungrazed 
reference sites (light gray square). 
 
Habitat use by Brewer’s Blackbirds also did not vary among site types in 2016, but in 
2017 Brewer’s Blackbird habitat use was significantly higher in the cattle site compared to the 
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bison site, but not compared to the reference site. We noted a trend of higher habitat use for 
Grasshopper Sparrows in the bison and cattle grazed sites compared to the reference site. In 
addition, we saw a trend of higher habitat use by Lark Sparrows in the cattle site compare to the 
bison and reference sites. The reference site supported significantly higher densities of Spotted 
Towhees compared to either the bison or cattle sites. 
Plant cover and height- Based on overlapping confidence intervals, we measured no 
significant differences in the percent cover or height of plants among bison, cattle, and reference 
sites in Colorado or New Mexico (Table 3.1; Figure S14). However, we observed several 
interesting trends. In Colorado, the cattle site had higher percent cover of forbs compared to the 
bison or reference sites, and the percent cover of shrubs was higher at the reference site 
compared to the bison or cattle sites (Table 3.1). In both Colorado and New Mexico, bison and 
cattle sites had higher bare ground cover compared to reference sites. In New Mexico, the cattle 
site contained a higher percent cover of warm season grasses, while the bison site had higher 
percent cover of both shrubs and bare ground compared to the cattle and reference sites (Table 
3.1). We observed no significant differences in plant diversity among bison, cattle, and reference 




Table 3.1  COLORADO: Top generalized linear mixed models (ΔAIC ≤ 2) for how fixed 
effects—bison (Bis), cattle (Cat), or reference (Ref) sites—influenced cover and height of cool 
season grasses (Cool), warm season grasses (Warm), forbs, and shrubs, and bare ground (Bare) 
percent cover. We list the model, parameters (k), AIC, ΔAIC, and model weight (w). We list the 
direction of the fixed effects for the top model (model with the most weight). We present the 
cover and height estimates and their direction, cited as positive (+), negative (-), and no 
difference (.) in reference to the bison site.  
 
COLORADO 
      β2016 
 Model K AIC ΔAIC w Bis Cat Ref 
COVER  
Cool  Null 3 442.48 0.00 0.81 17.83 17.83 (.) 17.83 (.) 
Warm  Null 3 480.52 0.00 0.75 23.71 23.71 (.) 23.71 (.) 
Forbs Site 5 295.35 0.00 0.80 4.22 6.49 (+) 0.00 (-) 
Shrubs Site 4 362.83 0.00 0.95 5.24 4.88 (-) 11.54 (+) 
Bare  Site 4 431.11 0.00 0.83 13.11 17.1 (+) 4.46 (-) 
HEIGHT  
Cool  Null 3 223.38 0.00 0.77 9.96 9.96 (.) 9.96 (.) 
Warm  Null 3 268.44 0.00 0.87 6.35 6.35 (.) 6.35 (.) 
Forbs Null 3 336.72 0.00 0.83 11.02 11.02 (.) 11.02 (.) 
Shrubs 
Null 3 389.53 0.00 0.61 14.52 14.52(.) 14.52(.) 
Site 5 390.53 0.89 0.39    
         
NEW MEXICO 
COVER         
Warm  
Site 5 390.67 0.00 0.61 25.14 37.91 (+) 33.85 (+) 
Null 3 391.55 0.88 0.39    
Forbs Null 3 275.51 0.00 0.78 2.02 2.02 (.)  2.02 (.) 
Shrubs Site 5 340.25 0.00 0.93 13.88 3.11 (-) 8.6 (-) 
Bare  
Site 5 336.82 0.00 0.68 27.72 20.19 (-) 20.98 (-) 
Null 2 338.32 1.50 0.32    
HEIGHT  
Warm  Null 3 190.52 0.00 1.00 5.07 5.07 (.) 5.07 (.) 
Forbs Null 3 211.14 0.00 1.00 1.44 1.44 (.) 1.44 (.) 







Bird densities and habitat use varied among sites grazed by bison, cattle, and ungrazed 
reference sites in Colorado and New Mexico, but the direction and magnitude of these 
differences was species-dependent. In Colorado, where bison were reintroduced shortly before 
our study, one grassland bird species occurred more frequently at the bison grazed site, three 
species were more prevalent at the cattle grazed site, and habitat use for another species was 
similar in bison and cattle sites, but less prevalent in ungrazed grasslands. At the New Mexico 
site, where bison have been established for nearly a decade, the density of one obligate grassland 
bird was higher in the cattle grazed site, and another species occurred in higher densities in both 
bison and cattle grazed sites compared to reference sites. These differences in bird density and 
habitat use are only partially explained by plant height and cover; we found few differences in 
grass and forb cover and only marginal differences in shrub cover and height among sites. Our 
findings suggest that low intensity grazing by either cattle and bison improve habitat quality for 
most common bird species in our shortgrass prairie study areas. These results are consistent with 
previous studies from tallgrass prairie that show similar plant responses at bison and cattle 
grazed sites relative to ungrazed areas (Towne et al. 2005). 
We find that cattle are partial, but not complete ecological replacements for bison in 
prairie ecosystems (Griebel et al. 1998). Differences in bird density between bison and cattle 
sites were species-dependent. For example, Vesper Sparrow densities were higher in the cattle 
site in both Colorado and New Mexico, perhaps due to a higher percent cover of forbs at cattle 
sites, which could provide preferred nesting habitat for this species (Harrison et al. 2011). In 
contrast to Vesper Sparrows, Horned Larks had higher densities at the bison grazed site relative 
to reference sites, and densities were also high in the cattle grazed site in New Mexico. This 
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result is consistent with past research that suggests Horned Larks prefer to nest in grazed areas 
and forage in bare patches (Lomolino & Smith 2004). Although not significantly different, the 
bison site and cattle sites generally had higher percent cover of bare ground than the reference 
sites. This finding also corresponds with past research in a mixed grass prairie that found higher 
densities of Horned Larks in bison sites compared to reference sites (Griebel et al. 1998). 
Grasshopper Sparrows, which prefer to nest in sites with light to intermediate grazing (Powell 
2006), had higher habitat use in areas grazed by bison and cattle compared to reference sites. 
Rotational grazing practices on the cattle-grazed site could result in light to moderate herbivory, 
maintaining habitat quality for this bird species. In contrast to these three species, Spotted 
Towhee habitat use was significantly higher in reference sites, which is likely due to higher 
shrub cover at these sites, which is the preferred habitat for this species (Small et al. 2007). 
Western Meadowlark densities were significantly higher in bison and cattle sites compared to 
reference sites in Colorado. However, their densities remained constant among bison, cattle, and 
reference sites in New Mexico. Western Meadowlarks prefer moderately grazed pastures, which 
could explain their higher densities at bison and cattle sites compared to reference sites Colorado 
(Knopf 1996). In New Mexico, Western Meadowlark densities may have remained constant 
across sites because we did not observe any differences in plant cover or height at bison, cattle, 
and reference sites in this study area. 
We observed the trend of higher habitat use by Lark Sparrows at the cattle-grazed site 
compared to bison or reference sites in Colorado, possibly due to the higher percent cover of 
forbs at this site. Past studies have demonstrated positive correlations between Lark Sparrow 
densities and forb cover (Wiens & Rotenberry 1981). This contrasts with previous work in mixed 
grass prairie that has demonstrated higher densities of Lark Sparrows at bison relative to cattle 
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grazed sites (Griebel et al. 1998), which could be due to the difference in the landscapes, 
including more mixed grass heights in Colorado and more shrubs in New Mexico.  
We found similar responses for several bird species at a recent (2-year-old) bison 
reintroduction site and a site where bison have been on the landscape for almost ten years. 
Furthermore, cattle-grazed sites in both Colorado and New Mexico supported higher densities of 
Vesper Sparrows compared to the bison-grazed site. Yet, there were also notable differences 
between study areas. The bison reintroduction site in Colorado supported higher densities of 
Horned Larks, another obligate grassland bird, while in New Mexico, this same species was 
found in equal densities at bison and cattle grazed sites. If the Colorado bison site follows the 
same trajectory as the well-established bison grazed site in New Mexico, then we might predict 
Horned Lark densities as bison and cattle grazed sites in Colorado to become more even with 
time. 
The similarities in plant community cover, height, and diversity between bison and cattle 
sites that we observed is consistent with previous studies in other grassland ecosystems (Towne 
et al. 2005). These similarities could be attributed to relatively low density grazing by both 
species in our study areas, including rotational grazing of cattle. At higher grazing intensities, it 
is possible that bison and cattle could have different effects on plant communities because of 
documented differences in foraging preferences (Allred et al. 2011, 2013; Kohl et al. 2013). In 
addition, our bison sites were grazed by cattle for approximately 100 years before bison 
reintroduction. This legacy could have shaped grassland plant communities (Milchunas & 
Lauenroth 1993) such that any effects of bison grazing might not be detected for decades (Towne 
et al. 2005; Powell 2006). Finally, in arid and semiarid ecosystems with low to moderate grazing 
intensity, climate may play a strong role in influencing bird and plant communities, and could 
60 
 
mask any comparatively minor effects of bison and cattle grazing (Niemuth et al. 2008, Lipsey & 
Naugle 2017).  
This study provides important insight into the effects of cattle and bison grazing on 
shortgrass prairie biota, but is limited in its spatial and temporal scale. Our study occurred over 
two-years in two study areas that each support single herds of bison and cattle. Because bison 
herds are uncommon and occur in relatively small and completely isolated fenced areas, we were 
unable to replicate our study across multiple bison sites in each study area or across the full 
range of shortgrass prairie in western North America. As a result, we could not experimentally 
evaluate the potential effects of animal grazing intensity, time since bison reintroduction, 
precipitation, or potential interactive effects of grazing or burning, on birds and plants 
(Fuhlendorf et al. 2010). To better predict the conditions under which bison and cattle play 
similar or disparate ecological roles, we recommend establishing a research network to 
standardize data collection across the many new and emerging plains bison reintroduction efforts 
in North America. Many of these bison projects are embedded in landscapes dominated by cattle 
ranching, offering excellent opportunities to advance interdisciplinary science around bison 








Agarwal B. 2000. Conceptualising environmental collective action: why gender matters. 
Cambridge Journal of Economics 24:283–310. 
Allred BW, Fuhlendorf SD, Hamilton RG. 2011. The role of herbivores in Great Plains 
conservation: comparative ecology of bison and cattle. Ecosphere 2:art26. 
Allred BW, Fuhlendorf SD, Hovick TJ, Dwayne Elmore R, Engle DM, Joern A. 2013. 
Conservation implications of native and introduced ungulates in a changing climate. 
Global Change Biology 19:1875–1883. 
Ascunce MS, Yang C-C, Oakey J, Calcaterra L, Wu W-J, Shih C-J, Goudet J, Ross KG, 
Shoemaker D. 2011. Global invasion history of the fire ant Solenopsis invicta. Science 
331:1066–1068. 
Barclay S, Todd C, Grande G, Wyatt P. 2002. Not another questionnaire! Maximizing the 
response rate, predicting non-response and assessing non-response bias in postal 
questionnaire studies of GPs. Family Practice 19:105–111. 
Bates D, Mächler M, Bolker B, Walker S. 2015. Fitting Linear Mixed-Effects Models Using 
lme4. Journal of Statistical Software 67:1–48. 
Belton LR, Jackson-Smith D. 2010. Factors influencing success among collaborative sage-
grouse management groups in the western United States. Environmental Conservation 
37:250–260. 
Bernard HR. 2011. Research Methods in Anthropology: Qualitative and Quantitative 
Approaches. AltaMira Press, Lanham, Maryland. 
Boland A, Cherry MG, Dickson, editors. 2014. Doing a Systematic Review: A student’s guide. 
Sage, London, UK. 
62 
 
Borrie WT, Davenport M, Freimund WA, Manning RE. 2002. Assessing the relationship 
between desired experiences and support for management actions at Yellowstone 
National Park using multiple methods. Journal of Park and Recreation Administration 
20:51. 
Brick P, Snow D, Van de Wetering S. 2001. Across the great divide: Explorations in 
collaborative conservation and the American West. Island Press, Washington D.C. 
Brogden MJ, Greenberg JB. 2003. The Fight for the West: A Political Ecology of Land Use 
Conflicts in Arizona. Human Organization 62:289–298. 
Buckland ST, Rexstad EA, Marques TA, Oedekoven CS. 2015a. Distance sampling: methods 
and applications. Springer, New York, NY. 
Buckland ST, Rexstad EA, Marques TA, Oedekoven CS. 2015b. Distance Sampling: Methods 
and Applications. Springer International Publishing, Cham. Available from 
http://link.springer.com/10.1007/978-3-319-19219-2 (accessed February 9, 2018). 
Burnham KP, Anderson DR. 2002. Model selection and multimodel inference: a practical 
information-theoretic approach2nd ed. Springer, New York. 
Caro T, Sherman P. 2009. Rewilding can cause rather than solve ecological problems. Nature 
462:985. 
City of Fort Collins Natural Areas Program. 2007. Soapstone Prairie Management Area 
Management Plan. Pages 1–140. Management Plan. City of Fort Collins Natural Areas, 
Fort Collins, Colorado. 
Conley A, Moote MA. 2003. Evaluating Collaborative Natural Resource Management. Society 
& Natural Resources 16:371–386. 
63 
 
Conrey RY, Skagen SK, Yackel Adams AA, Panjabi AO. 2016. Extremes of heat, drought and 
precipitation depress reproductive performance in shortgrass prairie passerines. Ibis 
158:614–629. 
Coppedge BR, Fuhlendorf SD, Engle DM, Carter BJ, Shaw JH. 1999. Grassland Soil 
Depressions: Relict Bison Wallows or Inherent Landscape Heterogeneity? The American 
Midland Naturalist 142:382–392. 
Coughlin CW, Hoben ML, Manskopf DW, Quesada SW. 1999. A Systematic Assessment of 
Collaborative Resource Management Partnerships. 
Crooks JA, Soulé ME. 1999. Lag times in population explosions of invasive species: causes and 
implications. Pages 103–125 in O. T. Sandlund, P. J. Schei, and Å. Viken, editors. 
Invasive Species and Biodiversity Management. Kluwer Academic Publishers, AA 
Dordrecht, The Netherlands. 
Daubenmire R. 1959. A canopy-coverage method of vegetational analysis. Northwest Science 
33:43–64. 
Dechant JA, Sondreal ML, Johnson DH, Igl LD, Goldade CM, Zimmerman AL, Euliss BR. 
2001. Effects of management practices on grassland birds: Bobolink. USGS Northern 
Prairie Wildlife Research Center, Jamestown, ND. 
DeLuca TH, Zabinski CA. 2011. Prairie ecosystems and the carbon problem. Frontiers in 
Ecology and the Environment 9:407–413. 
Diefenbach DR, Brauning DW, Mattice JA. 2003. Variability in Grassland Bird Counts Related 
to Observer Differences and Species Detection Rates. The Auk 120:1168–1179. 
Dirzo R, Young HS, Galetti M, Ceballos G, Isaac NJ, Collen B. 2014. Defaunation in the 
Anthropocene. Science 345:401–406. 
64 
 
Donlan J. 2014. De-extinction in a crisis discipline. Frontiers of Biogeography 6. 
Douglas LR, Veríssimo D. 2013. Flagships or Battleships: Deconstructing the Relationship 
between Social Conflict and Conservation Flagship Species. Environment and Society: 
Advances in Research 4:98–116. 
Fahnestock JT, Knapp AK. 1994. Plant responses to selective grazing by bison: interactions 
between light, herbivory and water stress. Vegetatio 115:123–131. 
Fanelli D. 2012. Negative results are disappearing from most disciplines and countries. 
Scientometrics 90:891–904. 
Fiske I, Chandler R. 2011. Unmarked: an R package for fitting hierarchical models of wildlife 
occurrence and abundance. Journal of Statistical Software 43:1–23. 
Fletcher RJ, Koford RR. 2002. Habitat and Landscape Associations of Breeding Birds in Native 
and Restored Grasslands. The Journal of Wildlife Management 66:1011. 
Folmer A, Haartsen T, Huigen PPP. 2013. Explaining Emotional Attachment to a Protected Area 
by Visitors’ Perceived Importance of Seeing Wildlife, Behavioral Connections with 
Nature, and Sociodemographics. Human Dimensions of Wildlife 18:435–449. 
Fort Union Ranch. 2017. Fort Union Ranch Grazing Report. Page 1. Grazing Report. Fort Union 
Ranch, New Mexico. 
Frank DA, Evans RD. 1997. Effects of native grazers on soil N cycling in Yellowstone National 
Park. Ecology 78:2238–2248. 
Freese CH et al. 2007. Second chance for the plains bison. Biological Conservation 136:175–
184. 





20survey_final%20report.pdf (accessed February 13, 2016). 
Fritz H, Duncan P, Gordon IJ, Illius AW. 2002. Megaherbivores influence trophic guilds 
structure in African ungulate communities. Oecologia 131:620–625. 
Fuhlendorf SD, Allred BW, Hamilton RG. 2010. A review of American Bison (Bos bison) 
demography and population dynamics. Pages 1–40. Working Paper 4. American Bison 
Society, Stillwater, Oklahoma. 
Fuhlendorf SD, Engle DM. 2004. Application of the fire–grazing interaction to restore a shifting 
mosaic on tallgrass prairie. Journal of Applied Ecology 41:604–614. 
Fuhlendorf SD, Engle DM, Kerby J, Hamilton R. 2009. Pyric Herbivory: Rewilding Landscapes 
through the Recoupling of Fire and Grazing. Conservation Biology 23:588–598. 
Fuhlendorf SD, Harrell WC, Engle DM, Hamilton RG, Davis CA, Leslie Jr DM. 2006. Should 
heterogeneity be the basis for conservation? Grassland bird response to fire and grazing. 
Ecological Applications 16:1706–1716. 
Gerlak AK, Heikkila T. 2006. Comparing collaborative mechanisms in large-scale ecosystem 
governance. Natural Resources Journal 46:657–707. 
Getz WM, Fortmann L, Cumming D, du Toit J, Hilty J, Martin R, Murphree M, Owen-Smith N, 
Starfield AM, Westphal MI. 1999. Sustaining Natural and Human Capital: Villagers and 
Scientists. Science 283:1855. 
Gosselin EN, Lonsinger RC, Waits LP. 2017. Comparing morphological and molecular diet 
analyses and fecal DNA sampling protocols for a terrestrial carnivore: Noninvasive Diet 
Analysis Methodologies. Wildlife Society Bulletin 41:362–369. 
66 
 
Graham MH. 2003. Confronting multicollinearity in ecological multiple regression. Ecology 
84:2809–2815. 
Griebel R, Winter SL, Steuter A. 1998. Grassland birds and habitat structure in Sandhills prairie 
managed using cattle or bison plus fire. Great Plains Research 397: 255–268. 
Griffiths CJ, Jones CG, Hansen DM, Puttoo M, Tatayah RV, Müller CB, Harris S. 2010. The 
Use of Extant Non-Indigenous Tortoises as a Restoration Tool to Replace Extinct 
Ecosystem Engineers. Restoration Ecology 18:1–7. 
Haddaway NR, Collins AM, Coughlin D, Kirk S. 2015. The Role of Google Scholar in Evidence 
Reviews and Its Applicability to Grey Literature Searching. PLOS ONE 10:e0138237. 
Hallgren KA. 2012. Computing Inter-Rater Reliability for Observational Data: An Overview and 
Tutorial. Tutorials in Quantitative Methods for Psychology 8:23–34. 
Hanni D, White C, Van Lanen N, Birek J, Berven J, McLaren M. 2014. Integrated Monitoring in 
Bird Conservation Regions (IMBCR): Field Protocol for Spatially Balanced Sampling of 
Landbird Populations. Pages 1–38. Unpublished report. Rocky Mountain Bird 
Observatory, Brighton, Colorado. 
Harrison ML, Mahony NA, Robinson P, Newbury A, Green DJ. 2011. Nest-site selection and 
productivity of Vesper Sparrows breeding in grazed habitats: Vesper Sparrow 
Productivity in Grazed Habitats. Journal of Field Ornithology 82:140–149. 
Hedrick PW. 2009. Conservation Genetics and North American Bison (Bison bison). Journal of 
Heredity 100:411–420. 
Isenberg A. 2000. The destruction of bison: an environmental history, 1750-1920. Cambridge 
University Press, Cambridge, United Kingdom. 
67 
 
Kenney DS. 2000. Arguing About Consensus: Examining the Case Against Western Watershed 
Initiatives and Other Collaborative Groups Active in Natural Resources Management. 
Kéry M, Chandler R. 2016. Dynamic occupancy models in unmarked. Pages 1–24. Available 
from https://cran.r-project.org/web/packages/unmarked/vignettes/colext.pdf. 
Knapp AK, Blair JM, Briggs JM, Collins SL, Hartnett DC, Johnson LC, Towne EG. 1999. The 
Keystone Role of Bison in North American Tallgrass Prairie. BioScience 49:39. 
Knapp AK, Carroll CJW, Denton EM, La Pierre KJ, Collins SL, Smith MD. 2015. Differential 
sensitivity to regional-scale drought in six central US grasslands. Oecologia 177:949–
957. 
Kohl MT, Krausman PR, Kunkel K, Williams DM. 2013. Bison Versus Cattle: Are They 
Ecologically Synonymous? Rangeland Ecology & Management 66:721–731. 
Koontz T, Thomas CW. 2006. What Do We Know and Need to Know about the Environmental 
Outcomes of Collaborative Management? Public Administration Review 66:111–121. 
Kretser HE, Beckmann JP, Berger J. 2018. A Retrospective Assessment of a Failed 
Collaborative Process in Conservation. Environmental Management. Available from 
http://link.springer.com/10.1007/s00267-018-1045-2 (accessed May 28, 2018). 
Lauenroth WK, Sala OE. 1992. Long-Term Forage Production of North American Shortgrass 
Steppe. Ecological Applications 2:397–403. 
Lipsey MK, Naugle DE. 2017. Precipitation and soil productivity explain effects of grazing on 
grassland songbirds. Rangeland Ecology & Management 70:331–340. 
Lodge DM, Williams S, MacIsaac HJ, Hayes KR, Leung B, Reichard S, Mack RN, Moyle PB, 
Smith M, Andow DA. 2006. Biological invasions: recommendations for US policy and 
management. Ecological applications 16:2035–2054. 
68 
 
Lomolino M, Smith GA. 2004. Terrestrial vertebrate communities at black-tailed prairie dog 
(Cynomys ludovicianus) towns. Biological Conservation 115:89–100. 
MacKenzie DI. 2003. Estimating Site Occupancy, Colonization, and Local Extinction When a 
Species Is Detected Imperfectly Author(s): Darryl I. MacKenzie, James D. Nichols, 
James E. Hines, Melinda G. Knutson and Alan B. Franklin. Ecology 84:2200–2207. 
MacKenzie DI, Nichols JD, Lachman GB, Droege S, Andrew Royle J, Langtimm CA. 2002. 
Estimating site occupancy rates when detection probabilities are less than one. Ecology 
83:2248–2255. 
Margerum RD. 2008. A Typology of Collaboration Efforts in Environmental Management. 
Environmental Management 41:487–500. 
Marris E. 2011. Rambunctious Garden. Bloomsbury USA, New York. 
Martin BM, Burton T, Harness S. 2009. Soapstone Prairie Natural Area oral history project 
2006-2008. Fort Collins Museum. 
Matlack RS, Kaufman DW, Kaufman GA. 2001. Influence of grazing by bison and cattle on deer 
mice in burned tallgrass prairie. The American Midland Naturalist 146:361–368. 
McDonald T, Nielson R, Carlisle J. 2015. Package “Rdistance.” 
McKinney M. 2014. Partnership aids conservation. Las Vegas Optic. Las Vegas, New Mexico. 
McKinney M, Harmon W. 2004. The Western Confluence: A Guide to Governing Natural 
Resources. Island Press, Washington D.C. 
Meretsky VJ et al. 2012. A State-Based National Network for Effective Wildlife Conservation. 
BioScience 62:970–976. 
Milchunas DG, Lauenroth WK. 1993. Quantitative Effects of Grazing on Vegetation and Soils 
Over a Global Range of Environments. Ecological Monographs 63:327. 
69 
 
Milchunas DG, Lauenroth WK, Burke IC. 1998. Livestock Grazing: Animal and Plant 
Biodiversity of Shortgrass Steppe and the Relationship to Ecosystem Function. Oikos 
83:65–74. 
Newkirk E. 2016. CPW Photo Warehouse User Guide. Colorado Parks and Wildlife. Available 
from http://cpw.state.co.us/Documents/Research/Mammals/Software/CPW-Photo-
Warehouse-4.0-User-Guide.pdf. 
Niemuth ND, Solberg JW, Shaffer TL. 2008. Influence of moisture on density and distribution of 
grassland birds in North America. The Condor 110:211–222. 
O’Connell A, Bailey LL. 2011. Inference for Occupancy and Occupancy Dynamics. Pages 191–
205 in A. O’Connell, J. D. Nichols, and K. U. Karanth, editors. Camera Traps in Animal 
Ecology: Methods and Analyses. Springer, New York, New York. 
Oedekoven CS, Buckland ST, Mackenzie ML, Evans KO, Burger LW. 2013. Improving distance 
sampling: accounting for covariates and non-independency between sampled sites. 
Journal of Applied Ecology 50:786–793. 
Ogada DL, Gadd ME, Ostfeld RS, Young TP, Keesing F. 2008. Impacts of large herbivorous 
mammals on bird diversity and abundance in an African savanna. Oecologia 156:387–
397. 
Oksanen J et al. 2018. Package “vegan.” 
Olff H, Ritchie ME. 1998. Effects of herbivores on grassland plant diversity. TREE 13:261–265. 
Oliveira-Santos LGR, Fernandez FAS. 2010. Pleistocene Rewilding, Frankenstein Ecosystems, 
and an Alternative Conservation Agenda. Conservation Biology 24:4–5. 
Palumbi SR. 2001. Humans as the world’s greatest evolutionary force. Science 293:1786–1790. 
70 
 
Peden DG, Dyne GMV, Rice RW, Hansen RM. 1974. The Trophic Ecology of Bison bison L. on 
Shortgrass Plains. The Journal of Applied Ecology 11:489. 
Pejchar L, Mooney HA. 2009. Invasive species, ecosystem services and human well-being. 
Trends in Ecology & Evolution 24:497–504. 
Pickering C, Byrne J. 2014. The benefits of publishing systematic quantitative literature reviews 
for PhD candidates and other early-career researchers. Higher Education Research & 
Development 33:534–548. 
Pimentel D, Zuniga R, Morrison D. 2005. Update on the environmental and economic costs 
associated with alien-invasive species in the United States. Ecological Economics 
52:273–288. 
Plumb GE, Dodd JL. 1993. Foraging Ecology of Bison and Cattle on a Mixed Prairie: 
Implications for Natural Area Management. Ecological Applications 3:631. 
Plummer R, Fitzgibbon J. 2004. Co-management of Natural Resources: A Proposed Framework. 
Environmental Management 33. Available from http://link.springer.com/10.1007/s00267-
003-3038-y (accessed May 24, 2018). 
Powell AFLA. 2006. Effects of prescribed burns and bison (Bos bison) grazing on breeding bird 
abundances in tallgrass prairie. The Auk 123:183. 
Reading RP, McCain L, Clark TW, Miller BJ. 2005. Understanding and resolving the black-
tailed prairie dog conservation challenge. Page in R. Woodroffe, S. Thirgood, and A. 
Rabinowitz, editors. People and Wildlife, Conflict, or Co-existence? Cambridge 
University Press. 
Ricciardi A, Simberloff D. 2009. Assisted colonization is not a viable conservation strategy. 
Trends in Ecology & Evolution 24:248–253. 
71 
 
Robel RJ, Briggs JN, Dayton AD, Hulbert LC. 1970. Relationships between visual obstruction 
measurements and weight of grassland vegetation. Journal of Range Management 
23:295–297. 
Saldaña J. 2016. The Coding Manual for Qualitative Researchers, 2nd edition. Sage Publications, 
Inc, London, UK. 
Samson FB, Knopf FL, Ostlie WR. 2004. Great Plains ecosystems: past, present, and future. 
Wildlife Society Bulletin 32:6–15. 
Sax DF, Gaines SD. 2008. Species invasions and extinction: the future of native biodiversity on 
islands. Proceedings of the National Academy of Sciences 105:11490–11497. 
Schlaepfer MA, Sax DF, Olden JD. 2011. The Potential Conservation Value of Non-Native 
Species: Conservation Value of Non-Native Species. Conservation Biology 25:428–437. 
Schulte LA et al. 2017. Prairie strips improve biodiversity and the delivery of multiple ecosystem 
services from corn–soybean croplands. Proceedings of the National Academy of Sciences 
114:11247–11252. 
Seddon PJ, Armstrong DP, Maloney RF. 2007. Developing the science of reintroduction biology. 
Conservation Biology 21:303–312. 
Seddon PJ, Griffiths CJ, Soorae PS, Armstrong DP. 2014. Reversing defaunation: Restoring 
species in a changing world. Science 345:406–412. 
Selin SW, Schuett MA. 2000. Modeling stakeholder perceptions of collaborative initiative 
effectiveness. Society & Natural Resources 13:735–745. 
Shannon G, Lewis JS, Gerber BD. 2014. Recommended survey designs for occupancy modelling 
using motion-activated cameras: insights from empirical wildlife data. PeerJ 2:e532. 
72 
 
Simberloff D. 2005. Non-native Species DO Threaten the Natural Environment! Journal of 
Agricultural and Environmental Ethics 18:595–607. 
Skagen SK, Adams AAY. 2012. Weather effects on avian breeding performance and 
implications of climate change. Ecological Applications 22:1131–1145. 
Skibins JC, Hallo JC, Sharp JL, Manning RE. 2012. Quantifying the role of viewing the Denali 
“Big 5” in visitor satisfaction and awareness: Conservation Implications for flagship 
recognition and resource management. Human Dimensions of Wildlife 17:112–128. 
Small SL, Thompson FR, Geupel GR, Faaborg J. 2007. Spotted Towhee population dynamics in 
a riparian restoration context. The Condor 109:721. 
Smith AM, Sutton SG. 2008. The role of a flagship species in the formation of conservation 
intentions. Human Dimensions of Wildlife 13:127–140. 
Tavakol M, Dennick R. 2011. Making sense of Cronbach’s alpha. International Journal of 
Medical Education 2:53–55. 
Thomas L, Buckland ST, Rexstad EA, Laake JL, Strindberg S, Hedley SL, Bishop JRB, Marques 
TA, Burnham KP. 2010. Distance software: design and analysis of distance sampling 
surveys for estimating population size. Journal of Applied Ecology 47:5–14. 
Towne EG, Hartnett DC, Cochran RC. 2005. Vegetation trends in tallgrass prairie from bison 
and cattle grazing. Ecological Applications 15:1550–1559. 
Tremblay P. 2008. Wildlife in the landscape: A top end perspective on destination-level wildlife 
and tourism management. Journal of Ecotourism 7:179–196. 
Turner MD. 1999. Conflict, Environmental Change, and Social Institutions in Dryland Africa: 




U.S. Fish and Wildlife Service. 2012a. Rio Mora National Wildlife Refuge and Conservation 
Area: Environmental Assessment. Pages 1–68. Environmental Assessment 
FWS/R2/NWRS-PLAN/051697. Rio Mora National Wildlife Refuge, Las Vegas, New 
Mexico. 
U.S. Fish and Wildlife Service. 2012b. Rio Mora National Wildlife Refuge and Conservation 
Area Land Protection Plan. Pages 1–108. Land Protection Plan FWS/R2INWRS-
PLAN/051697 JUN. Rio Mora National Wildlife Refuge, Las Vegas, New Mexico. 
Vincent CH, Hanson LA, Argueta CN. 2017. Federal Land Ownership: Overview and Data. Page 
28. Congressional Research Service Report R42346. 
Vinton MA, Hartnett DC, Finck EJ, Briggs JM. 1993a. Interactive effects of fire, Bison (Bison 
bison) grazing and plant community composition in tallgrass prairie. American Midland 
Naturalist 129:10. 
Vinton MA, Hartnett DC, Finck EJ, Briggs JM. 1993b. Interactive Effects of Fire, Bison (Bison 
bison) Grazing and Plant Community Composition in Tallgrass Prairie. American 
Midland Naturalist 129:10. 
Walpole MJ, Leader-Williams N. 2002. Tourism and flagship species in conservation. 
Biodiversity and conservation 11:543–547. 
Weber EP. 2000. A New Vanguard for the Environment: Grass-Roots Ecosystem Management 
as a New Environmental Movement. Society & Natural Resources 13:237–259. 
Weber EP, Lovrich NP, Gaffney MJ. 2007. Assessing Collaborative Capacity in a 
Multidimensional World. Administration & Society 39:194–220. 
Wiens JA, Rotenberry JT. 1981. Habitat Associations and Community Structure of Birds in 
Shrubsteppe Environments. Ecological Monographs 51:21–42. 
74 
 
Williams DR, Vaske JJ. 2003. The measurement of place attachment: Validity and 
generalizability of a psychometric approach. Forest science 49:830–840. 
Woodroffe R, Thirgood S, Rabinowitz A, editors. 2005. People and Wildlife, Conflict, or Co-




SUPPORTING INFORMATION FOR CHAPTER ONE
76 
 
FULL LIST OF SEARCH TERMS RELATED TO COLLABORATIVE CONSERVATION  
“adaptive co management”  
“adaptive governance”  
“adaptive management”  
“collaborative conservation”  
“co-management”  
“community based forestry”   
“community based collaboration*”  
“community led collaboration*”  
“community based natural resource management”  
“collaborative adaptive management”  
“collaborative environmental management”  
“collaborative environmental governance regime*”  
“collaborative ecosystem management”  
“collaborative fest management”  
“collaborative forum*”  
“collaborative natural resource management”  
“collaborative roundtable*”  
“collaborative watershed management”  
“Conservation cooperative”  
“conservation partnership*”  
“cross sect collaboration*”  
“environmental conflict resolution”  
“fest association*”  
“fest coalition*”  
“grass roots ecosystem management”   
“integrated natural resource management”  
“landowner association*”  
“landowner coalition*”  
“landscape conservation*”  
“multiparty collaboration*”  
“multistakeholder collaboration*”  
“participatory natural resource management”  
“Place based collaboration*”  
“Results oriented conservation*”  
“watershed association*”  
“watershed coalition*” 






“United States”  





























“New Hampshire”  
“New Jersey”  
“New Mexico”  
“New York”  
“North Carolina”  







“Rhode Island”  
“South Carolina”  
















Table A1.1. Boolean search terms, search engines and date searched 
Date Database Search Term String 
1/6/17 and 1/7/17 
Web of Science's 
Advanced Search 
TS=(“adaptive co management” OR 
“adaptive governance” OR “adaptive 
management” OR “collaborative 
conservation” OR “co management” 
OR “community based forestry” OR 
“community based collaboration*” 
OR “community led collaboration*” 
OR “community based natural 
resource management” OR 
“collaborative adaptive management” 
OR “collaborative environmental 
management” OR “collaborative 
environmental governance regime*” 
OR “collaborative ecosystem 
management” OR “collaborative 
forest management” OR 
“collaborative forum*” OR 
“collaborative natural resource 
management” OR “collaborative 
roundtable*” OR “collaborative 
watershed management” OR 
“Conservation cooperative” OR 
“conservation partnership*” OR 
“cross sector collaboration*” OR 
“environmental conflict resolution” 
OR “forest association*” OR “forest 
coalition*” OR “grass roots ecosystem 
management” OR “integrated natural 
resource management” OR 
“landowner association*” OR 
“landowner coalition*” OR 
“landscape conservation*” OR 
“multiparty collaboration*” OR 
“multistakeholder collaboration*” OR 
“participatory natural resource 
management” OR “Place based 
collaboration*” OR “Results oriented 
conservation*” OR “watershed 
association*” OR “watershed 
coalition*”) AND TS=(“U.S.A.” OR 
“USA” OR “U.S.” OR “United States” 
OR “United States of America” OR 
“Alabama” OR “Alaska” OR 
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Date Database Search Term String 
“Arizona” OR “Arkansas” OR 
“California” OR “Colorado” OR 
“Connecticut” OR “Delaware” OR 
“Florida” OR “Georgia” OR “Hawaii” 
OR “Idaho” OR “Illinois” OR 
“Indiana” OR “Iowa” OR “Kansas” 
OR “Kentucky” OR “Louisiana” OR 
“Maine” OR “Maryland” OR 
“Massachusetts” OR “Michigan” OR 
“Minnesota” OR “Mississippi” OR 
“Missouri” OR “Montana” OR 
“Nebraska” OR “Nevada” OR “New 
Hampshire” OR “New Jersey” OR 
“New Mexico” OR “New York” OR 
“North Carolina” OR “North Dakota” 
OR “Ohio” OR “Oklahoma” OR 
“Oregon” OR “Pennsylvania” OR 
“Rhode Island” OR “South Carolina” 
OR “South Dakota” OR “Tennessee” 
OR “Texas” OR “Utah” OR 
“Vermont” OR “Virginia” OR 
“Washington” OR “West Virginia” 
OR “Wisconsin” OR "Wyoming") 
1/24/17 WorldCat 
(kw: adaptive and kw: co and kw: 
management) OR (kw: adaptive and 
kw: governance) OR (kw: adaptive 
and kw: management) OR (kw: 
collaborative and kw: conservation) 
OR (kw: co and kw: management) OR 
((kw: community and kw: based and 
kw: forestry) OR ((kw: community 
and kw: based and kw: collaboration*) 
OR ((kw: community and kw: led and 
kw: collaboration*) OR ((kw: 
community and kw: based and kw: 
natural and kw: resource and kw: 
management) OR ((kw: collaborative 
and kw: adaptive and kw: 
management) OR ((kw: collaborative 
and kw: environmental and kw: 
management) OR ((kw: collaborative 
and kw: environmental and kw: 
governance and kw: regime*) OR 
((kw: collaborative and kw: ecosystem 
and kw: management) OR ((kw: 
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Date Database Search Term String 
collaborative and kw: forest and kw: 
management) OR (kw: collaborative 
and kw: forum*) OR ((kw: 
collaborative and kw: natural and kw: 
resource and kw: management) OR 
(kw: collaborative and kw: 
roundtable*) OR ((kw: collaborative 
and kw: watershed and kw: 
management) OR (kw: Conservation 
and kw: cooperative) OR (kw: 
conservation and kw: partnership*) 
OR ((kw: cross and kw: sector and 
kw: collaboration*) OR ((kw: 
environmental and kw: conflict and 
kw: resolution) OR (kw: forest and 
kw: association*) OR (kw: forest and 
kw: coalition*) OR ((kw: grass and 
kw: roots and kw: ecosystem and kw: 
management) OR ((kw: integrated and 
kw: natural and kw: resource and kw: 
management) OR (kw: landowner and 
kw: association*) OR (kw: landowner 
and kw: coalition*) OR (kw: 
landscape and kw: conservation*) OR 
(kw: multiparty and kw: 
collaboration*) OR (kw: 
multistakeholder and kw: 
collaboration*) OR ((kw: participatory 
and kw: natural and kw: resource and 
kw: management) OR ((kw: Place and 
kw: based and kw: collaboration*) OR 
((kw: Results and kw: oriented and 
kw: conservation*) OR (kw: 
watershed and kw: association*) OR 
(kw: watershed and kw: 
coalition*))))))))))))))))))) not mt: fic 
and la= "eng" and (dt= "bks" or dt= 
"ser" or dt= "com" or dt= "mix" or dt= 
"art" or dt= "url" or dt= "int")) and 
((kw: U.S.A.OR and kw: USA) OR 
kw: U.S. OR (kw: United and kw: 
States) OR ((kw: United and kw: 
States and kw: America) OR kw: 
Alabama) OR kw: Alaska OR kw: 
Arizona OR kw: Arkansas OR kw: 
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Date Database Search Term String 
California OR kw: Colorado OR kw: 
Connecticut OR kw: Delaware OR 
kw: Florida OR kw: Georgia OR kw: 
Hawaii OR kw: Idaho OR kw: Illinois 
OR kw: Indiana OR kw: Iowa OR kw: 
Kansas OR kw: Kentucky OR kw: 
Louisiana OR kw: Maine OR kw: 
Maryland OR kw: Massachusetts OR 
kw: Michigan OR kw: Minnesota OR 
kw: Mississippi OR kw: Missouri OR 
kw: Montana OR kw: Nebraska OR 
kw: Nevada OR (kw: New and kw: 
Hampshire) OR (kw: New and kw: 
Jersey) OR (kw: New and kw: 
Mexico) OR (kw: New and kw: York) 
OR (kw: North and kw: Carolina) OR 
(kw: North and kw: Dakota) OR kw: 
Ohio OR kw: Oklahoma OR kw: 
Oregon OR kw: Pennsylvania OR 
(kw: Rhode and kw: Island) OR (kw: 
South and kw: Carolina) OR (kw: 
South and kw: Dakota) OR kw: 
Tennessee OR kw: Texas OR kw: 
Utah OR kw: Vermont OR kw: 
Virginia OR kw: Washington OR (kw: 
West and kw: Virginia) OR kw: 
Wisconsin OR kw: Wyoming) 
1/17/17 PAIS 
(“adaptive co management” OR 
“adaptive governance” OR “adaptive 
management” OR “collaborative 
conservation” OR “co management” 
OR “community based forestry” OR 
“community based collaboration*” 
OR “community led collaboration*” 
OR “community based natural 
resource management” OR 
“collaborative adaptive management” 
OR “collaborative environmental 
management” OR “collaborative 
environmental governance regime*” 
OR “collaborative ecosystem 
management” OR “collaborative 
forest management” OR 
“collaborative forum*” OR 
“collaborative natural resource 
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Date Database Search Term String 
management” OR “collaborative 
roundtable*” OR “collaborative 
watershed management” OR 
“Conservation cooperative” OR 
“conservation partnership*” OR 
“cross sector collaboration*” OR 
“environmental conflict resolution” 
OR “forest association*” OR “forest 
coalition*” OR “grass roots ecosystem 
management” OR “integrated natural 
resource management” OR 
“landowner association*” OR 
“landowner coalition*” OR 
“landscape conservation*” OR 
“multiparty collaboration*” OR 
“multistakeholder collaboration*” OR 
“participatory natural resource 
management” OR “Place based 
collaboration*” OR “Results oriented 
conservation*” OR “watershed 
association*” OR “watershed 
coalition*”) AND (“U.S.A.” OR 
“USA” OR “U.S.” OR “United States” 
OR “United States of America” OR 
“Alabama” OR “Alaska” OR 
“Arizona” OR “Arkansas” OR 
“California” OR “Colorado” OR 
“Connecticut” OR “Delaware” OR 
“Florida” OR “Georgia” OR “Hawaii” 
OR “Idaho” OR “Illinois” OR 
“Indiana” OR “Iowa” OR “Kansas” 
OR “Kentucky” OR “Louisiana” OR 
“Maine” OR “Maryland” OR 
“Massachusetts” OR “Michigan” OR 
“Minnesota” OR “Mississippi” OR 
“Missouri” OR “Montana” OR 
“Nebraska” OR “Nevada” OR “New 
Hampshire” OR “New Jersey” OR 
“New Mexico” OR “New York” OR 
“North Carolina” OR “North Dakota” 
OR “Ohio” OR “Oklahoma” OR 
“Oregon” OR “Pennsylvania” OR 
“Rhode Island” OR “South Carolina” 
OR “South Dakota” OR “Tennessee” 
OR “Texas” OR “Utah” OR 
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Date Database Search Term String 
“Vermont” OR “Virginia” OR 
“Washington” OR “West Virginia” 






(“adaptive co management” OR 
“adaptive governance” OR “adaptive 
management” OR “collaborative 
conservation” OR “co management” 
OR “community based forestry” OR 
“community based collaboration*” 
OR “community led collaboration*” 
OR “community based natural 
resource management” OR 
“collaborative adaptive management” 
OR “collaborative environmental 
management” OR “collaborative 
environmental governance regime*” 
OR “collaborative ecosystem 
management” OR “collaborative 
forest management” OR 
“collaborative forum*” OR 
“collaborative natural resource 
management” OR “collaborative 
roundtable*” OR “collaborative 
watershed management” OR 
“Conservation cooperative” OR 
“conservation partnership*” OR 
“cross sector collaboration*” OR 
“environmental conflict resolution” 
OR “forest association*” OR “forest 
coalition*” OR “grass roots ecosystem 
management” OR “integrated natural 
resource management” OR 
“landowner association*” OR 
“landowner coalition*” OR 
“landscape conservation*” OR 
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Date Database Search Term String 
“multiparty collaboration*” OR 
“multistakeholder collaboration*” OR 
“participatory natural resource 
management” OR “Place based 
collaboration*” OR “Results oriented 
conservation*” OR “watershed 
association*” OR “watershed 
coalition*”) AND (“U.S.A.” OR 
“USA” OR “U.S.” OR “United States” 
OR “United States of America” OR 
“Alabama” OR “Alaska” OR 
“Arizona” OR “Arkansas” OR 
“California” OR “Colorado” OR 
“Connecticut” OR “Delaware” OR 
“Florida” OR “Georgia” OR “Hawaii” 
OR “Idaho” OR “Illinois” OR 
“Indiana” OR “Iowa” OR “Kansas” 
OR “Kentucky” OR “Louisiana” OR 
“Maine” OR “Maryland” OR 
“Massachusetts” OR “Michigan” OR 
“Minnesota” OR “Mississippi” OR 
“Missouri” OR “Montana” OR 
“Nebraska” OR “Nevada” OR “New 
Hampshire” OR “New Jersey” OR 
“New Mexico” OR “New York” OR 
“North Carolina” OR “North Dakota” 
OR “Ohio” OR “Oklahoma” OR 
“Oregon” OR “Pennsylvania” OR 
“Rhode Island” OR “South Carolina” 
OR “South Dakota” OR “Tennessee” 
OR “Texas” OR “Utah” OR 
“Vermont” OR “Virginia” OR 
“Washington” OR “West Virginia” 
OR “Wisconsin” OR "Wyoming") 
1/20/17 
Wildlife and Ecology 
Studies Worldwide 
TX ( “adaptive co management” OR 
“adaptive governance” OR “adaptive 
management” OR “collaborative 
conservation” OR “co management” 
OR “community based forestry” OR 
“community based collaboration*” 
OR “community led collaboration*” 
OR “community based natural 
resource management” OR 
“collaborative adaptive management” 
OR “collaborative environmental 
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Date Database Search Term String 
management” OR “collaborative 
environmental governance regime*” 
OR “collaborative ecosystem 
management” OR “collaborative 
forest management” OR 
“collaborative forum*” OR 
“collaborative natural resource 
management” OR “collaborative 
roundtable*” OR “collaborative 
watershed management” OR 
“Conservation cooperative” OR 
“conservation partnership*” OR 
“cross sector collaboration*” OR 
“environmental conflict resolution” 
OR “forest association*” OR “forest 
coalition*” OR “grass roots ecosystem 
management” OR “integrated natural 
resource management” OR 
“landowner association*” OR 
“landowner coalition*” OR 
“landscape conservation*” OR 
“multiparty collaboration*” OR 
“multistakeholder collaboration*” OR 
“participatory natural resource 
management” OR “Place based 
collaboration*” OR “Results oriented 
conservation*” OR “watershed 
association*” OR “watershed 
coalition*” ) AND TX ( “U.S.A.” OR 
“USA” OR “U.S.” OR “United States” 
OR “United States of America” OR 
“Alabama” OR “Alaska” OR 
“Arizona” OR “Arkansas” OR 
“California” OR “Colorado” OR 
“Connecticut” OR “Delaware” OR 
“Florida” OR “Georgia” OR “Hawaii” 
OR “Idaho” OR “Illinois” OR 
“Indiana” OR “Iowa” OR “Kansas” 
OR “Kentucky” OR “Louisiana” OR 
“Maine” OR “Maryland” OR 
“Massachusetts” OR “Michigan” OR 
“Minnesota” OR “Mississippi” OR 
“Missouri” OR “Montana” OR 
“Nebraska” OR “Nevada” OR “New 
Hampshire” OR “New Jersey” OR 
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Date Database Search Term String 
“New Mexico” OR “New York” OR 
“North Carolina” OR “North Dakota” 
OR “Ohio” OR “Oklahoma” OR 
“Oregon” OR “Pennsylvania” OR 
“Rhode Island” OR “South Carolina” 
OR “South Dakota” OR “Tennessee” 
OR “Texas” OR “Utah” OR 
“Vermont” OR “Virginia” OR 
“Washington” OR “West Virginia” 
OR “Wisconsin” OR "Wyoming" ) 
1/18/17 
Aquatic Science and 
Fisheries Abstracts 
TS=(“adaptive co management” OR 
“adaptive governance” OR “adaptive 
management” OR “collaborative 
conservation” OR “co management” 
OR “community based forestry” OR 
“community based collaboration*” 
OR “community led collaboration*” 
OR “community based natural 
resource management” OR 
“collaborative adaptive management” 
OR “collaborative environmental 
management” OR “collaborative 
environmental governance regime*” 
OR “collaborative ecosystem 
management” OR “collaborative 
forest management” OR 
“collaborative forum*” OR 
“collaborative natural resource 
management” OR “collaborative 
roundtable*” OR “collaborative 
watershed management” OR 
“Conservation cooperative” OR 
“conservation partnership*” OR 
“cross sector collaboration*” OR 
“environmental conflict resolution” 
OR “forest association*” OR “forest 
coalition*” OR “grass roots ecosystem 
management” OR “integrated natural 
resource management” OR 
“landowner association*” OR 
“landowner coalition*” OR 
“landscape conservation*” OR 
“multiparty collaboration*” OR 
“multistakeholder collaboration*” OR 
“participatory natural resource 
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Date Database Search Term String 
management” OR “Place based 
collaboration*” OR “Results oriented 
conservation*” OR “watershed 
association*” OR “watershed 
coalition*”) AND TS=(“U.S.A.” OR 
“USA” OR “U.S.” OR “United States” 
OR “United States of America” OR 
“Alabama” OR “Alaska” OR 
“Arizona” OR “Arkansas” OR 
“California” OR “Colorado” OR 
“Connecticut” OR “Delaware” OR 
“Florida” OR “Georgia” OR “Hawaii” 
OR “Idaho” OR “Illinois” OR 
“Indiana” OR “Iowa” OR “Kansas” 
OR “Kentucky” OR “Louisiana” OR 
“Maine” OR “Maryland” OR 
“Massachusetts” OR “Michigan” OR 
“Minnesota” OR “Mississippi” OR 
“Missouri” OR “Montana” OR 
“Nebraska” OR “Nevada” OR “New 
Hampshire” OR “New Jersey” OR 
“New Mexico” OR “New York” OR 
“North Carolina” OR “North Dakota” 
OR “Ohio” OR “Oklahoma” OR 
“Oregon” OR “Pennsylvania” OR 
“Rhode Island” OR “South Carolina” 
OR “South Dakota” OR “Tennessee” 
OR “Texas” OR “Utah” OR 
“Vermont” OR “Virginia” OR 
“Washington” OR “West Virginia” 




TS=(“adaptive co management” OR 
“adaptive governance” OR “adaptive 
management” OR “collaborative 
conservation” OR “co management” 
OR “community based forestry” OR 
“community based collaboration*” 
OR “community led collaboration*” 
OR “community based natural 
resource management” OR 
“collaborative adaptive management” 
OR “collaborative environmental 
management” OR “collaborative 
environmental governance regime*” 
OR “collaborative ecosystem 
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Date Database Search Term String 
management” OR “collaborative 
forest management” OR 
“collaborative forum*” OR 
“collaborative natural resource 
management” OR “collaborative 
roundtable*” OR “collaborative 
watershed management” OR 
“Conservation cooperative” OR 
“conservation partnership*” OR 
“cross sector collaboration*” OR 
“environmental conflict resolution” 
OR “forest association*” OR “forest 
coalition*” OR “grass roots ecosystem 
management” OR “integrated natural 
resource management” OR 
“landowner association*” OR 
“landowner coalition*” OR 
“landscape conservation*” OR 
“multiparty collaboration*” OR 
“multistakeholder collaboration*” OR 
“participatory natural resource 
management” OR “Place based 
collaboration*” OR “Results oriented 
conservation*” OR “watershed 
association*” OR “watershed 
coalition*”) AND TS=(“U.S.A.” OR 
“USA” OR “U.S.” OR “United States” 
OR “United States of America” OR 
“Alabama” OR “Alaska” OR 
“Arizona” OR “Arkansas” OR 
“California” OR “Colorado” OR 
“Connecticut” OR “Delaware” OR 
“Florida” OR “Georgia” OR “Hawaii” 
OR “Idaho” OR “Illinois” OR 
“Indiana” OR “Iowa” OR “Kansas” 
OR “Kentucky” OR “Louisiana” OR 
“Maine” OR “Maryland” OR 
“Massachusetts” OR “Michigan” OR 
“Minnesota” OR “Mississippi” OR 
“Missouri” OR “Montana” OR 
“Nebraska” OR “Nevada” OR “New 
Hampshire” OR “New Jersey” OR 
“New Mexico” OR “New York” OR 
“North Carolina” OR “North Dakota” 
OR “Ohio” OR “Oklahoma” OR 
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Date Database Search Term String 
“Oregon” OR “Pennsylvania” OR 
“Rhode Island” OR “South Carolina” 
OR “South Dakota” OR “Tennessee” 
OR “Texas” OR “Utah” OR 
“Vermont” OR “Virginia” OR 
“Washington” OR “West Virginia” 




TS=(“adaptive co management” OR 
“adaptive governance” OR “adaptive 
management” OR “collaborative 
conservation” OR “co management” 
OR “community based forestry” OR 
“community based collaboration*” 
OR “community led collaboration*” 
OR “community based natural 
resource management” OR 
“collaborative adaptive management” 
OR “collaborative environmental 
management” OR “collaborative 
environmental governance regime*” 
OR “collaborative ecosystem 
management” OR “collaborative 
forest management” OR 
“collaborative forum*” OR 
“collaborative natural resource 
management” OR “collaborative 
roundtable*” OR “collaborative 
watershed management” OR 
“Conservation cooperative” OR 
“conservation partnership*” OR 
“cross sector collaboration*” OR 
“environmental conflict resolution” 
OR “forest association*” OR “forest 
coalition*” OR “grass roots ecosystem 
management” OR “integrated natural 
resource management” OR 
“landowner association*” OR 
“landowner coalition*” OR 
“landscape conservation*” OR 
“multiparty collaboration*” OR 
“multistakeholder collaboration*” OR 
“participatory natural resource 
management” OR “Place based 
collaboration*” OR “Results oriented 
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Date Database Search Term String 
conservation*” OR “watershed 
association*” OR “watershed 
coalition*”) AND TS=(“U.S.A.” OR 
“USA” OR “U.S.” OR “United States” 
OR “United States of America” OR 
“Alabama” OR “Alaska” OR 
“Arizona” OR “Arkansas” OR 
“California” OR “Colorado” OR 
“Connecticut” OR “Delaware” OR 
“Florida” OR “Georgia” OR “Hawaii” 
OR “Idaho” OR “Illinois” OR 
“Indiana” OR “Iowa” OR “Kansas” 
OR “Kentucky” OR “Louisiana” OR 
“Maine” OR “Maryland” OR 
“Massachusetts” OR “Michigan” OR 
“Minnesota” OR “Mississippi” OR 
“Missouri” OR “Montana” OR 
“Nebraska” OR “Nevada” OR “New 
Hampshire” OR “New Jersey” OR 
“New Mexico” OR “New York” OR 
“North Carolina” OR “North Dakota” 
OR “Ohio” OR “Oklahoma” OR 
“Oregon” OR “Pennsylvania” OR 
“Rhode Island” OR “South Carolina” 
OR “South Dakota” OR “Tennessee” 
OR “Texas” OR “Utah” OR 
“Vermont” OR “Virginia” OR 
“Washington” OR “West Virginia” 
OR “Wisconsin” OR "Wyoming") 
1/24/17 Academic Search Premier 
TX ( “adaptive co management” OR 
“adaptive governance” OR “adaptive 
management” OR “collaborative 
conservation” OR “co management” 
OR “community based forestry” OR 
“community based collaboration*” 
OR “community led collaboration*” 
OR “community based natural 
resource management” OR 
“collaborative adaptive management” 
OR “collaborative environmental 
management” OR “collaborative 
environmental governance regime*” 
OR “collaborative ecosystem 
management” OR “collaborative 
forest management” OR 
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Date Database Search Term String 
“collaborative forum*” OR 
“collaborative natural resource 
management” OR “collaborative 
roundtable*” OR “collaborative 
watershed management” OR 
“Conservation cooperative” OR 
“conservation partnership*” OR 
“cross sector collaboration*” OR 
“environmental conflict resolution” 
OR “forest association*” OR “forest 
coalition*” OR “grass roots ecosystem 
management” OR “integrated natural 
resource management” OR 
“landowner association*” OR 
“landowner coalition*” OR 
“landscape conservation*” OR 
“multiparty collaboration*” OR 
“multistakeholder collaboration*” OR 
“participatory natural resource 
management” OR “Place based 
collaboration*” OR “Results oriented 
conservation*” OR “watershed 
association*” OR “watershed 
coalition*” ) AND TX ( “U.S.A.” OR 
“USA” OR “U.S.” OR “United States” 
OR “United States of America” OR 
“Alabama” OR “Alaska” OR 
“Arizona” OR “Arkansas” OR 
“California” OR “Colorado” OR 
“Connecticut” OR “Delaware” OR 
“Florida” OR “Georgia” OR “Hawaii” 
OR “Idaho” OR “Illinois” OR 
“Indiana” OR “Iowa” OR “Kansas” 
OR “Kentucky” OR “Louisiana” OR 
“Maine” OR “Maryland” OR 
“Massachusetts” OR “Michigan” OR 
“Minnesota” OR “Mississippi” OR 
“Missouri” OR “Montana” OR 
“Nebraska” OR “Nevada” OR “New 
Hampshire” OR “New Jersey” OR 
“New Mexico” OR “New York” OR 
“North Carolina” OR “North Dakota” 
OR “Ohio” OR “Oklahoma” OR 
“Oregon” OR “Pennsylvania” OR 
“Rhode Island” OR “South Carolina” 
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Date Database Search Term String 
OR “South Dakota” OR “Tennessee” 
OR “Texas” OR “Utah” OR 
“Vermont” OR “Virginia” OR 
“Washington” OR “West Virginia” 
OR “Wisconsin” OR "Wyoming" ) 
1/26/17 Google Scholar  String A 
(“adaptive co management” OR 
“adaptive governance” OR “adaptive 
management” OR “collaborative 
conservation” OR “co management”) 
AND (“U.S.A.” OR “USA” OR 
“U.S.” OR “United States” OR 
“United States of America”)  
1/27/17 Google Scholar String B 
(“community based forestry” OR 
“community based collaboration*” 
OR “community led collaboration*”) 
AND (“U.S.A.” OR “USA” OR 
“U.S.” OR “United States” OR 
“United States of America”)  
1/29/17 Google Scholar String C 
(“collaborative environmental 
management” OR “collaborative 
environmental governance regime*” 
OR “collaborative ecosystem 
management”) AND (“U.S.A.” OR 
“USA” OR “U.S.” OR “United States” 
OR “United States of America”)  
1/29/17 Google Scholar String D 
(“collaborative roundtable*” OR 
“collaborative watershed 
management” OR “Conservation 
cooperative” OR  “grass roots 
ecosystem management”) AND 
(“U.S.A.” OR “USA” OR “U.S.” OR 
“United States” OR “United States of 
America”)  
1/28/17 Google Scholar String E 
(“environmental conflict resolution” 
OR “forest association*” OR “forest 
coalition*” OR “landowner 
association*”) AND (“U.S.A.” OR 
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Date Database Search Term String 
“USA” OR “U.S.” OR “United States” 
OR “United States of America”)  
1/27/17 Google Scholar String F 
(“landowner coalition*” OR 
“landscape conservation*” OR 
“multiparty collaboration*” OR “Place 
based collaboration*”) AND 
(“U.S.A.” OR “USA” OR “U.S.” OR 
“United States” OR “United States of 
America”)  
1/28/17 Google Scholar String G 
(“collaborative adaptive management” 
OR “Results oriented conservation*” 
OR “watershed association*” OR 
“watershed coalition*”) AND 
(“U.S.A.” OR “USA” OR “U.S.” OR 
“United States” OR “United States of 
America”)  
1/28/17 Google Scholar String H 
(“community based natural resource 
management” OR “collaborative 
forum*” OR “collaborative natural 
resource management”) AND 
(“U.S.A.” OR “USA” OR “U.S.” OR 
“United States” OR “United States of 
America”)  
1/29/17 Google Scholar String I 
(“conservation partnership*” OR 
“cross sector collaboration*” OR 
“integrated natural resource 
management”) AND (“U.S.A.” OR 
“USA” OR “U.S.” OR “United States” 
OR “United States of America”)  
1/29/17 Google Scholar String J 
(“multistakeholder collaboration*” OR 
“participatory natural resource 
management” OR “collaborative 
forest management”) AND (“U.S.A.” 
OR “USA” OR “U.S.” OR “United 
States” OR “United States of 
America”)  
1/27/17 Google Scholar String K 
("Place based collaboration*” OR 
“Results oriented conservation*” OR 
“watershed association*” OR 
“watershed coalition") AND 
(“U.S.A.” OR “USA” OR “U.S.” OR 





Table A1.2. Inclusion criteria applied to groups found in the literature developed by experts in the field. 
Priority Criteria Description Relevant citation (if applicable) 
U.S.-based collaborative 
Must be a U.S.-based group focusing on 
projects in the U.S., cannot be a U.S. group 
partnering with a group in a different country. 
 
Stakeholder diversity  
Include a range (3+) of participant types 
representing the diverse perspectives of 
organizations, agencies, businesses, interest 
groups, and/or individuals with a stake in the 
outcome. Considers both number and type of 
perspectives present in the decision making.  
(Coughlin et al. 1999; Margerum 2008) 
Non-government entity involvement 
An NGO, industry group, coalition of 
landowners or community members, or an 
individual citizen. (Note: tribal representatives 
are government-entities). 
(Coughlin et al. 1999; Margerum 2008) 
Duration and or Sustained Process 
Must be a group that has existed for more than 
2 years 
(Plummer & Fitzgibbon 2004;  
Margerum 2008) 
Purpose/Focus 
Group formed to achieve one or more goals 
related to environmental conservation, policy, 
or management 
 
Collaborative group itself is not a 
public entity 
“A public entity is defined as follows: (A) any 
State or local government; (B) any department, 
agency, special purpose district, or other 
instrumentality of a State or States or local 
government; and. (C) the National Railroad 
Passenger Corporation, and any commuter 










Non-governmental organization (NGO)/nonprofit organization 
Water conservation/conservancy/irrigation district 
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COLLABORATIVE CONSERVATION GROUPS FOUND IN THE LITERATURE THAT 
MET THE INCLUSION CRITERIA  
ACE Basin Task Force 
Adirondack Research Consortium 
Alaska Beluga Whale Committee 
Alaska Migratory Bird Co-management Council 
Aleutian and Bering Sea Islands Landscape Conservation Cooperative 
Aleutian Islands Cultural Resources Working Group 
Algonquin to Adirondacks 
Alliance for Aquatic Resource Monitoring (ALLARM) 
Alliance for Chesapeake Bay 
Altar Valley Conservation Alliance 
America’s Longleaf Restoration Initiative 
Animas River Stakeholders Group 
Appalachian LCC 
Appalachian Trail Landscape Conservation Initiative 
Applegate Partnership (now the Applegate Partnership and Watershed Council) 
Arctic Landscape Conservation Cooperative 
Arizona Common Ground Roundtable 
Atlantic States Marine Fisheries Commission's Horseshoe Crab and Shorebird Technical 
committee 
Barrens Topminnow Working Group  
Bellevue Deer Task Force 
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Black Bear Conservation Committee 
Black Hills National Forest Advisory Board 
Blackfoot Challenge 
Blackstone Headwaters Coalition 
CALFED Public Advisory Committee 
California Bay-Delta Authority 
California Collaborative Fisheries Research Program 
California LCC 
California Natural Communities Conservation Program 
California Wetland Monitoring Workgroup 
Center for Watershed Protection 
Central Oregon Partnerships for Wildfire Risk Reduction 
Channel Islands Sanctuary Advisory Council 
Chesapeake Bay Program 
Chesapeake Conservation Partnership 
Chicago Wilderness Alliance 
Citizen Task Force 
Clark Fork Coalition  
Clark Fork Superfund complex Milltown site restoration project 
Clearwater Basin Collaborative 
Collaborative Adaptive Management Network 
Colorado Front Range Landscape Restoration Initiative 
Colorado Front Range Roundtable 
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Colorado Watershed Assembly 
Columbia Sharp Tail Grouse Working Group 
Community Agriculture Alliance 
Communities Committee of the Seventh American Forest Congress 
Community Water Dialogue 
Community-Based Collaboratives Research Consortium 
Conemaugh Valley Conservancy 
Conservation of the Wild Rivers Legacy Forest 
Cook Inlet Sound Regional Citizens’ Advisory Councils 
Critical Area Advisory Committee  
Dane County Lakes and Watershed Commission 
Darby Partnership  
Delaware County Action Plan 
Delta Stewardship Council 
Delta Vision's Blue Ribbon Task Force 
Demonstration project to grow fish in the open ocean  
Deschutes Collaborative Forest Project 
Desert LCC 
Dinkey Landscape Restoration Project 
Dolores River Restoration Partnership 
DRRP Core Team 
DRRP Implementation subcommittee 
DRRP Science and Monitoring subcommittee 
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Dry Forest Working Group 
Dungeness Crab Task Force 
Dungeness River Management Team 
East Kootenay Conservation Program 
Eastern Brook Trout Joint Venture  
Eastern Tallgrass Prairie and Big Rivers LCC 
Eastern Upper Peninsula Partners in Ecosystem Management 
Flathead Basin Commission 
Four Forest Restoration Initiative 
Friends of Arcola Creek 
Friends of the Inyo 
Friends of Winter Pond 
Glen Canyon Dam Adaptive Management Work Group  
"Governor’s Commission for a Sustainable 
South Florida" 
Grand River Partnership 
Great Basin LCC 
Great Bay Resource Protection Partnership  
Great Northern LCC 
Great Plains Landscape Conservation Cooperative 
Greater Flagstaff Forest Partnership 
Greater Lansing Regional Committee for Stormwater Management 
Groton Lakes Association 
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Groundwork Lawrence  
Gulf Coast Prairie LCC 
Gulf Coastal Plains and Ozarks LCC 
Heart of the Rockies  
Henry's Fork watershed Council  
Herring Ponds Watershed Association 
Horseshoe Crab Advisory Panel 
Horseshoe Crab and Shorebird Technical Committee 
Housatonic River Initiative 
Hudson River Sustainable Shorelines Project 
IAS Conservation Committee 
Ichetucknee Springs Basin Working Group 
IMW Working Group for Middle Fork John Day River 
Independent Scientific Advisory Board 
Independent Scientific Review Panel 
Ipswich River Watershed Association 
Jackson Blue Springs Basin Working Group 
Karuk-UC Berkeley Collaborative 
Kirtland’s Warbler Recovery Team 
Klamath Forest Alliance 
Klamath Settlement Group: Klamath Basin Restoration Agreement (KBRA)  
Klamath Water Users Association 
Lake County Community Sustainability Initiative 
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Lake Onota Preservation Association 
Las Vegas Wash Coordination Committee (LVWCC) 
Laurel Highlands Marcellus Shale Monitoring Project 
Little Miami River Partnership 
Lolo Restoration Committee 
Long Tom Watershed Council  
Longleaf Alliance  
Lower Boise Watershed Council 
Lower Colorado River Multispecies Conservation Program 
Lower Mississippi Valley Joint Venture 
Loyalhanna Watershed Association 
Maine Congress of Lake Associations (now the Maine Lakes Society) 
Maine’s Volunteer Lake Monitoring Program  
Makai Watch 
Malpai Borderlands Group 
Marin Agricultural Land Trust  
Massachusetts Bay Program 
Massachusetts Watershed Coalition 
Metropolitan Affairs Coalition 
Mid-Atlantic Fisheries Management Council  
Middle Rio Grande Endangered Species Collaborative Program 
Middle Spring Watershed Association  
Mineral County Challenge Steering Committee 
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Missouri Resource Assessment Partnership 
MLPA Initiative 
Monterey Bay National Marine Sanctuary Sanctuary Advisory Council 
Monterey Bay National Marine Sanctuary Sanctuary Advisory Council Research Advisory Panel 
Monterey Bay National Marine Sanctuary Sanctuary Advisory Council Sanctuary Education 
Panel 
National Alliance for Community Trees 
National Bobwhite Technical Committee 
National Network of Forest Practitioners 
Neponset River Watershed Association 
Network of Oregon Watershed Councils 
New England Fisheries Management Council 
Newtok Planning Group 
Nisqually River Council 
North & South Rivers Watershed Association 
North American Wetlands Conservation Council 
North Atlantic LCC 
North Pacific Research Board 
Northwest Boreal Landscape Conservation Cooperative 
Northwest Colorado Sage Grouse Working Group 
Northwest Colorado Stewardship 
Northwestern Interior Forest 
NSF Collaborative Stewardship Team 
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Orange County Marine Protected Area Council  
Oregon Watershed Enhancement Board 
Organization for the Assabet River 
Oyster Recovery Partnership 
Pacific Islands  
Pacific Northwest Aquatic Monitoring Partnership  
Parker River Clean Water Association 
Peninsular Florida LCC 
Piscataqua Region Estuaries Partnership (PREP) 
Plains and Prairie Pothole LCC 
Platte River Recovery and Implementation Program 
Platte River Recovery Implementation Plan 
Platte River Recovery Implementation Plan Governance Committee 
Platte River Recovery Implementation Program Governance Committee 
Pollock Conservation Cooperative 
Ponderosa Pine Forest Partnership 
Poplar Creek Watershed Coalition  
Prince William Sound Regional Citizens’ Advisory Councils 
Private Forest Management Team  
Prospect Park Alliance  
Public Lands Partnership 
Quincy Library Group 
Rainbow Springs Basin Working Group 
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Randolph Community Forest 
Redesign Initiative  
Regional Conservation Partnership Network 
Restudy Team 
Rock River Coalition 
Rural Voices for Conservation Coalition 
Sacramento River Riparian Conservation Area Advisory Committee 
Sacramento Valley Open Space Conservancy 
Sage-Grouse Initiative 
Salem Sound Coastwatch 
Salt Ponds Coalition 
Santa Fe Blue Springs Basin Working Group 
Santa Fe County Water Policy Advisory Committee 
Scallop Advisory Council 
Scientific and Statistical Committee 
Seafood Management Assistance Resource Recovery Team 
Sierra Nevada Adaptive Management Project  
Silver Springs Basin Working Group 
Sonoita Valley Planning Partnership 
South Atlantic LCC 
South Mountain Partnership 
South River Science Team  
Southeast Fox Partnership 
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Southern Appalachian Forest Coalition  
Southern Group of State Foresters  
Southern Rockies LCC 
Southern Utah Forest Products Association 
Southwest Jemez Mountains 
Southwestern Crown of the Continent Collaborative 
Stakeholder Coordination Group 
SuAsCo Watershed Coalition 
SuAsCo Watershed Community Council  
Sugar Creek Partners 
"Sustainable Harvesting and 
Resource Program" 
Sustainable Sandhills Partnership 
Sustainable Santa Fe Commission Energy Committee 
Suwanee River Partnership  
Swan Ecosystem Center  
Tapash Sustainable Forest Collaborative 
Taunton River Watershed Alliance 
Tennessee River Lake Sturgeon Working Group  
Tern and Plover Conservation Partnership 
Texas Quail Conservation Initiative 
The Diablo Trust 
The Grand River Grasslands Partnership  
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The Kinzua Quality Deer Cooperative 
The Kinzua Quality Deer Cooperative Leadership Team 
The Last Green Valley (formerly the Quinebaug-Shetucket Heritage Corridor, Inc.) 
TMDL (total maximum daily load) Executive Committee 
Umpqua Basin Watershed Council 
Uncompahgre Partnership (now Western Colorado Landscape Collaborative) 
Uncompahgre Plateau Collaborative Restoration Project 
Union River Watershed Coalition 
Upper Colorado River Endangered Fish Recovery Program 
Upper Middle Fork Working Group   
Upper Midwest and Great Lakes LCC 
USA National Phenology Network 
Vernal Pool Streamlining Working Group 
Vernal Pool Team 
Virginia Seaside Heritage Program 
Wakulla Springs Basin Working Group 
Washington County Watershed Alliance 
Water Resources Advisory Council in Florida 
Watershed Agricultural Council 
Weir River Watershed Association 
West Creek Preservation Committee 
West Tiger Mountain NRCA Advisory Committee 
Western Alaska Landscape Conservation Cooperative 
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Western Colorado Landscape Collaborative 
Western Forestry Leadership Coalition  
Western Pennsylvania Conservancy 
White Oak River Watershed Advisory Board 
Wildlands and Woodlands Initiative 
Wisconsin Initiative on Climate Change Impacts  
WLCI Local Project Development Teams  
Yakima River Watershed Council  
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PLACE ATTACHMENT SURVEY ADMINISTERED TO VISITORS AT SOAPSTONE IN 
2015 (PRE-BISON REINTRODUCTION) AND 2016 (POST-BISON REINTRODUCTION)  
 
Please rate the extent to which you agree or disagree with the following statements: 






























R CODE FOR RECURSIVE EQUATION USED WITH RESULTS FROM PROGRAM 
UNMARKED TO CALCULATE OCCUPANCY AND CONFIDENCE INTERVALS FOR 
BIRD SPECIES AT EACH SITE IN 2016 AND 2017  
 
#Calculating occupancy in the second year (2016) for bison (bis) and reference (ref) sites 
Y2Bis<- function(Top model) { 
  psi1.hat <-predict(Top model, type="psi")[row, column] #select correct row and column   
  gamma.hat <- predict(Top model, type="col")[row, column]  
  eps.hat <- predict(Top model, type="ext")[row, column] 
  psi2.hat <- psi1.hat*(1-eps.hat) + (1-psi1.hat)*gamma.hat  
  return(psi2.hat)} 
 
pbY2Bis <- parboot(Top model, statistic=Y2Bis, nsim=10000)  
pbY2Bis 
 
Y2Ref<- function(Top model) { 
  psi1.hat <-predict(Top model, type="psi")[row, column]  
  gamma.hat <- predict(Top model, type="col")[row, column]  
  eps.hat <- predict(Top model, type="ext")[row, column]   
  psi2.hat <- psi1.hat*(1-eps.hat) + (1-psi1.hat)*gamma.hat  
  return(psi2.hat)} 
 
LpbY2Ref <- parboot(Top model, statistic=Y2Ref, nsim=10000)  
LpbY2Ref 
 
#Calculating occupancy in the third year (2017) for bison (bis) and reference (ref) sites 
Y3Bis<- function{ 
  Psi3.hat <-psi2.hat #Result for psi (occupancy) in year 2 (2016) from above   
  gamma.hat <- predict(Top model, type="col")[row, column]  
  eps.hat <- predict(Top model, type="ext")[row,column] 
  psi3.hat <- psi2.hat*(1-eps.hat) + (1-psi2.hat)*gamma.hat  
  return(psi3.hat)} 
 
pbY3Bis <- parboot(Top model, statistic=Y3Bis, nsim=10000)  
pbY3Bis 
 
Y3Ref<- function(Top model) { 
  Psi3.hat <-psi2.hat #Result for psi (occupancy) in year 2 (2016) from above   
  gamma.hat <- predict(Top model, type="col")[row, column]  
  eps.hat <- predict(Top model, type="ext")[row, column]   
  psi3.hat <- psi2.hat*(1-eps.hat) + (1-psi2.hat)*gamma.hat  
  return(psi3.hat)} 
 





Table A2.2. List of 57 bird species at the bison and reference sites at Soapstone Prairie Natural 
Area and Red Mountain Open Space in Colorado. *Indicates obligate grassland birds as listed in 
Vickery et al. 1999, pg 8. ** Indicates facultative grassland birds as listed in Vickery et al. 1999, 
pg 10. 








































































































Cooper's Accipiter COHA  
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Table A2.3. Top models (ΔAIC ≤ 2 and goodness-of-fit~.20) based on AIC value for Horned 
Lark (HOLA) density detection probability (p) for bison or reference (Ref) sites and year. We list 
the site, year, model, parameters (k), AIC, ΔAIC, model weight (w), and p-value for the K-S 
goodness-of-fit test (K-S). We report the effective detection radius (EDR), detection probability, 
and associated standard errors (SE) for models with the most weight. 
  






Observer 2 1256.14 0.00 0.40 0.19 68.92 
0.34 
(0.025) 





Rain 3 933.70 0.00 0.47 0.27 71.68 
0.36 
(0.49) 
Null 1 935.49 1.80 0.19 0.28   
2017 
Null 1 980.22 0.00 0.44 0.19 77.58 
0.36 
(0.05) 
Observer 2 981.84 1.62 0.20 0.30   
Ref 
2015 






2 311.24 0.85 0.24 0.89   







































































Table A2.4. Top models (ΔAIC ≤ 2 and goodness-of-fit~.20) based on AIC value for Vesper 
Sparrows (VESP) detection probability (p) for bison or reference (Ref) sites and year. We list the 
site, year, model, parameters (k), AIC, ΔAIC, model weight (w), and p-value for the K-S 
goodness-of-fit test (K-S). We report the effective detection radius (EDR), detection probability, 
and associated standard errors (SE) for models with the most weight 
.  
  
Site Year Models for p k AIC ΔAIC w K-S EDR p (SE) 
Bison 
2015 Observer 2 663.27 0.00 0.69 0.41 112.00 
0.52 
(0.06) 
2016 Observer 2 533.69 0.00 0.94 0.41 79.48  
2017 
Null 1 524.81 0.00 0.41 0.28 124.00 
0.61 
(0.14) 
Observer 2 525.85 1.04 0.24 0.23   
Cloud 2 526.31 1.50 0.19 0.30   
Vegetation 
height 





2 271.06 0.00 1.00 0.24 70.69 
0.29 
(0.05) 











Table A2.5. Top models (ΔAIC ≤ 2 and goodness-of-fit~.20) based on AIC value for Western 
Meadowlark (WEME) detection probability (p) for each site and year. We list the site, year, 
model, parameters (k), AIC, ΔAIC, model weight (w), and p-value for the χ2 goodness-of-fit test 
(χ2-p). We report the effective detection radius (EDR), detection probability, and associated 
standard errors (SE) for models with the most weight. The area surveyed for bison and reference 
(Ref) sites was 393 and 308 hectares respectively. 
  
  
Site Year Models for p k AIC ΔAIC w 
χ2-
p 
EDR p (SE) 
Bison 
2015 Observer 3 408.60 0.00 0.69 0.41 132.54 
0.52 
(0.06) 











Observer 3 264.31 0.00 0.43 0.16 118.41 
0.54 
(0.04) 
Null 2 265.03 0.72 0.30 0.37   
2016 
Null 2 188.93 0.00 0.46 0.63 134.22 
0.70 
(0.07) 
Cloud 3 190.59 1.66 0.20 0.32   
2017 
Null 2 258.49 0.00 0.49 0.99 149.52 
0.87 
(0.05) 
Observer 3 259.85 1.36 0.25 0.51   
Vegetation 
height 
3 260.44 1.96 0.19 0.59   
155 
 
Table A2.6. Direction of the beta (β) estimates for top model (model with the most weight) of 
detection probability for Horned Larks, Vesper Sparrows, and Western Meadowlarks at the bison 
and reference sites in 2015, 2016, and 2017. Beta estimates (β) are cited as + = positive and -- = 
negative and indicate the effect of covariates on detection probability. 
  
    Observer Rain* 




Site Species Year Model 1 2 0 1 2   
Bison 
HOLA 
2015 Observer + --      
2016 Rain   + + --   
2017 Null        
VESP 
2015 Observer + --      
2016 Observer + --      
2017 Null        
WEME 
2015 Observer + --      
2016 Null        
2017 Vegetation       -- 
Reference 
HOLA 
2015 Null        
2016 Cloud      +  
2017 Null        
VESP 
2015 Vegetation       + 
2016 Null        
2017 Vegetation       -- 
WEME 
2015 Observer + --      
2016 Null        
2017 Null        
 
*Rain was a categorical variable in which observers used a scale to estimate rainfall, where 
0=No rain, 1= Mist or Fog, 2= Light drizzle. Observers ceased point counts if rain category rose 




Table A2.7. Top generalized linear mixed models (ΔAIC ≤ 2) for how fixed effects—site (bison 
or reference), year (2015, 2016, 2017), and vegetation cover (warm season grasses, cool season 
grasses, or forbs)—influenced density of Horned Larks (HOLA), Vesper Sparrows (VESP), and 
Western Meadowlarks (WEME). We list the model, parameters (k), AIC, ΔAIC, and model 
weight (w). We only list the direction of the fixed effects on density for the top model (model 
with the most weight). The direction of the beta estimates (β) are cited as + = positive and -- = 
negative. Dotted line separates years before (2015) and after (2016 and 2017) bison 
reintroduction. 
 











Reference 2015 2016 2017 
HOLA Site 3 232.24 0.00 0.65 + --    
VESP 
Null  2 176.09 0.00 0.25      
Forb 3 176.23 0.14 0.23      
Trt*Year 7 177.50 1.40 0.12      
Cool 3 177.62 1.52 0.12      
Warm 3 177.74 1.65 0.11      
Trt 3 177.85 1.76 0.10      




Table A2.8. Top models (ΔAIC ≤ 2 and goodness-of-fit~.20) based on AIC value for Brewer’ 
Blackbirds, Grasshopper Sparrows, and Lark Sparrows. Site-level covariates affecting habitat 
use included sites (Trt), which were either bison or reference (Ref). Observation-level covariates 
included year (2015, 2016, or 2017), observer (Obs), wind, cloud (C), or vegetation height (Ht).  




k AIC Δ AIC w 
Brewer’s Blackbird     
Ψ(1) ϒ(Yr) ε(Yr) p(Ht) 7 285.30 0.00 0.52 
Ψ(Trt) ϒ(Yr) ε(Yr) p(Ht) 6 287.25 1.96 0.20 
Grasshopper Sparrow     
Ψ(Trt) ϒ(1) ε(Trt) p(Year) 8 536.30 0.00 0.43 
Ψ(Trt) ϒ(Trt) ε(Trt) p(Yr) 9 536.58 0.28 0.37 
Lark Sparrow     
Ψ(Trt) ϒ(1) ε (1) p(Obs) 6 210.92 0.00 0.06 
Ψ(Trt) ϒ(1) ε (1) p(Ht) 6 211.15 0.23 0.06 
Ψ(Trt) ϒ(Yr) ε(1) p(Obs) 7 211.16 0.24 0.06 
Ψ(Trt) ϒ(Yr) ε(1) p(Ht) 7 211.25 0.33 0.05 
Ψ(Trt) ϒ(1) ε(1) p(1) 5 211.42 0.50 0.04 
Ψ(Trt) ϒ(Yr) ε(1) p(1) 6 211.89 0.97 0.04 
Ψ(Trt) ϒ(1) ε(Yr) p(Ht) 7 212.12 1.20 0.03 
Ψ(Trt) ϒ(1) ε(Trt) p(Obs) 7 212.20 1.28 0.03 
Ψ(Trt) ϒ(Yr) ε(Yr) p(Ht) 8 212.24 1.32 0.03 
Ψ(Trt) ϒ(1) ε(Yr) p(Obs) 7 212.30 1.38 0.03 
Ψ(Trt) ϒ(Yr) ε(Yr) p(Obs) 8 212.69 1.77 0.03 
Ψ(Trt) ϒ(1) ε(Yr) p(1) 6 212.74 1.82 0.03 
Ψ(1) ϒ(1) ε(1) p(Ht) 5 212.80 1.88 0.03 
Ψ(Trt) ϒ(Trt) ε(1) p(Obs) 7 212.92 2.00 0.02 




Table A2.9.Results from top model (Δ AIC = 0.00) for Brewer’ Blackbirds (BRBL), Grasshopper Sparrows (GRSP), and Lark 
Sparrows (LASP). We list the species, habitat use (Ψ), colonization (ϒ), extinction (ε) and detection probabilities (p), and associated 
confidence intervals (CI). Colonization estimates for year 1 (Yr 1) indicate the proportion of unoccupied site in 2015 that became 
occupied in 2016, while the extinction estimate for year 1 (Yr 1) indicate the proportion of occupied sites in 2015 that became 
unoccupied in 2016. Year 2 (Yr 2) estimates for colonization and extinction indicate the same probabilities between 2016 and 2017. 
Site-level covariates affecting habitat use included sites (Trt), either bison (B) or reference (R), and warm season grasses, cool season 
grasses, or forbs. Observation-level covariates included year (2015, 2016, or 2017), observer (Obs), wind, or cloud (C), or vegetation 
height (Ht).   
 






























































































Table A2.10. List of mammal species at the bison and reference sites at Soapstone Prairie 






American Badger Taxidea taxus 
American Black Bear Ursus americanus 
American Elk Cervus canadensis 
Black-tailed Jackrabbit Lepus californicus 
Bobcat Lynx rufus 
Desert Cottontail  Sylvilagus audubonii 
Coyote Canis latrans 
Mountain Lion Puma concolor 
Mouse Unknown species 
Mule deer Odocoileus hemionus 
Pronghorn Antilocapra americana 
Thirteen-lined Ground Squirrel Ictidomys tridecemlineatus 
White-tailed deer Odocoileus virginianus 
White-tailed Jackrabbit Lepus townsendii 
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Table A 2.11. Top models (ΔAIC ≤ 2 and goodness-of-fit~.20) based on AIC value for coyote, 
lagomorphs, mule deer, and pronghorn. Site-level covariates affecting habitat use included sites 
(Trt) and either bison or reference (Ref). Observation-level covariates included year (2015, 2016, 




k AIC Δ AIC w 
Coyote 
Ψ(Trt) ϒ(Year) ε(1) p(Cam) 10 520.80 0.00 0.26 
Ψ(1) ϒ(Year) ε(1) p(Cam) 9 521.69 0.90 0.17 
Ψ(Trt) ϒ(Year) ε(Year) p(Cam) 11 522.41 1.61 0.12 
Lagomorphs     
Ψ(Trt) ϒ(1) ε(1) p(Cam) 9 425.41 0.00 0.17 
Ψ(Trt) ϒ(Trt) ε(1) p(Cam) 10 425.84 0.43 0.14 
Ψ(Grass) ϒ(Trt) ε(1) p(Cam) 10 426.25 0.84 0.11 
Ψ(Trt) ϒ(1) ε(1) p(Cam+Ht) 10 427.17 1.76 0.07 
Ψ(Trt) ϒ(Yr) ε(1) p(Cam) 10 427.40 2.00 0.06 
Mule deer     
Ψ(1) ϒ(1) ε (Trt) p(Cam) 10 1075.28 0.00 0.12 
Ψ(Trt) ϒ(1) ε(1) p(Cam) 9 1075.75 0.47 0.10 
Ψ(1) ϒ(1) ε(1) p(Cam) 9 1076.23 0.96 0.08 
Ψ(Trt) ϒ(1) ε(Yr) p(Cam+Ht) 11 1076.49 1.21 0.06 
Ψ(1) ϒ(1) ε(1) p(Cam) 8 1076.85 1.57 0.05 
Ψ(Trt) ϒ(1) ε(Yr) p(Cam) 10 1077.00 1.72 0.05 
Ψ(Trt) ϒ(Yr) ε(1) p(Cam+Ht) 11 1077.16 1.88 0.05 
Ψ(Trt) ϒ(Trt) ε(1) p(Cam+Ht) 11 1077.28 2.00 0.04 
Pronghorn     
Ψ(1) ϒ(Yr) ε(1) p(Cam+Ht) 11 1131.51 0.00 0.10 
Ψ(1) ϒ(1) ε(1) p(Cam+Ht) 9 1131.79 0.28 0.08 
Ψ(Trt) ϒ(Trt) ε(1) p(Cam+Ht) 10 1131.80 1.11 0.12 
Ψ(1) ϒ(Trt) ε(Trt) p(Cam+Ht) 11 1132.40 1.72 0.09 
Ψ(1) ϒ(1) ε(Yr) p(Cam+Ht) 10 1132.60 1.92 0.08 
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Table A2.12. Results from top model (Δ AIC = 0.00) for coyote, lagomorphs (Lago), mule deer (Mule), and pronghorn (Prong). We 
list the species, habitat use (Ψ), colonization (ϒ), extinction (ε) and detection probabilities (p), and associated confidence intervals 
(CI). Colonization estimates for year 1 (Yr 1) indicate the proportion of unoccupied site in 2015 that became occupied in 2016, while 
the extinction estimate for year 1 (Yr 1) indicate the proportion of occupied sites in 2015 that became unoccupied in 2016. Year 2 (Yr 
2) estimates for colonization and extinction indicate the same probabilities between 2016 and 2017. Site-level covariates affecting 
habitat use included sites, either bison or reference (Ref). Observation-level covariates included year (2015, 2016, or 2017), vegetation 
height (Ht), or camera model (a, b, c, d, e)*.    
 
 Ψ2015 (SE) ϒ (CI) ε (CI) p(CI) 
Species 
 













































































































































*Camera models: a= Long Range IR Trail Camera, b=Cuddeback Attack, c=Bushnell Primo, d=Cuddeback Capture, e=Wild Game 
Innovations   
**Mule deer and pronghorn detection probabilities for camera model also include average vegetation height 
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Table A2.13. Grasses, forbs, and shrubs identified to species at Soapstone Prairie Natural Area 
 
Scientific name 



















































































Figure A2.1. Percent cover and height by year and vegetation type at bison-grazed (black) and 
reference (gray) sites. The vertical dotted line separates the years before (2015) and after (2016-





Figure A2.2. Simpson’s diversity index by bison (black) and reference (gray) sites. The vertical 




Table A2.14. Demographics for respondents to the visitor survey at Soapstone Prairie Natural 
Area in 2015 and 2016 
 
Demographics 2015 (n=184) 2016 (n=302) 
GENDER 
  Male 104 166 
Female 80 128 
Prefer not to Respond                             0 7 
Not Sure                          0 1 
AGE 
  18-25 9 19 
26-35 34 44 
36-45 30 68 
46-55 60 68 
56-65 37 56 
66-75 13 30 
76+ 0 16 
No response 1 1 
ETHNICITY (Multiple options possible) 
  White, Caucasian or European American 171 283 
Latino, Hispanic, Chicano or Latin 
American 6 13 
Asian or Asian American 1 2 
African, African American or Black 1 1 
American Indian, Native American or 
Alaskan Native 
                               
1 3 
Middle Eastern, Arab or Arab American 
                               
0 1 
Native Hawaiian, Filipino, Maori or 
Pacific Islander 
                               
0 1 
Multiple ethnicities 4 10 
EDUCATION 
  Graduate Degree 66 121 
Bachelor's or Technical Degree 71 120 
Some College or Technical Education 41 48 
High School Diploma/GED 6 12 





Table A2.15. Cronbach’s Alpha test estimates, mean place attachment scores, and place 
attachment scores for each statement in 2015 and 2016. We include confidence intervals for the 
mean place attachment score and Cronbach’s Alpha. 
 




t-value d.f. p-value 




   






3.19 318.88 7.7e-04 
I feel very attached to 
SPNA 
3.82 4.12    
SPNA means a lot to me 4.01 4.25    
I feel at home in SPNA 3.97 4.17    
I would like to spend more 
time in grasslands like 
SPNA 




Figure A2.3. Percent of respondents who agreed (agree or strongly agree), felt neutral, and 
disagreed (disagree or strongly disagreed) with the place attachment statements in 2015 and 2016 
(A. I feel very attached to Soapstone Prairie Natural Area, B. Soapstone Prairie Natural Area 
means a lot to me, C. I feel at home in Soapstone Prairie Natural Area, D. I would like to spend 




Table A2.16. Top ten themes and illustrative quotes from 2015 (pre-bison reintroduction) and 




In general, it’s important to protect open 
space: “All protected areas are important to 
me, we don’t have enough of them.” 
In general, it’s important to protect open 
space: “We need to maintain open space 
so we have nature to explore.” 
Nature preservation or conservation: “It plays 
a role in long term land stewardship for 
public land access with the city and county.” 
Nature preservation or conservation: 
“Because there doesn’t seem to be a lot of 
open prairie these days.” 
An uncrowded place to get away: “Good to 
get out of the Front Range hustle and bustle 
where there’s no people.” 
Undisturbed or undeveloped: “Gives you a 
place to go to see and feel what the prairie 
was like before we were here.” 
Recreation Asset: “It’s a great resource for 
equestrians, hikers, mountain bikers, and 
historically speaking.” 
Wildlife (includes mention of bison): 
“Maintaining the lands for bringing 
buffalo back…is important.” 
Undisturbed or undeveloped: “Good to keep 
some areas as pristine as possible short of 
closing it completely.” 
*Historical significance: “History and 
natural aspects are important for future 
generations…there are more stories out 
here than at the public library.” 
Unique Place: “Because it is so different from 
other available options” 
Recreation asset: “Great place to recreate 
outdoors.” 
*Close and Convenient: “I think it’s a great 
opportunity to have such a great natural area 
so close to our house to visit.” 
An uncrowded place to get away: 
“Important to go out and explore areas 
without hundreds of cars and houses.” 
Wildlife (includes mention of bison): “Seeing 
so much wildlife is a transcendent 
experience.” 
Unique place: “The landscape is 
interesting and different than other areas 
in the Front Range.” 
Place to enjoy nature or the outdoors: 
“Because it’s a beautiful natural space where 
we can enjoy ourselves.” 
Place to enjoy nature or the outdoors: 
“Opportunity to connect with the 
outdoors.” 
 





SUPPORTING INFORMATION FOR CHAPTER THREE
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Table A3.1. Functions used to calculate species’ detection probability by bison cattle, or 
reference (Ref) sites and year (2016 or 2017). GRSP= Grasshopper Sparrow, HOLA=Horned 














Colorado       






VESP Half normal  
cosine 
Half normal  
cosine 
Half normal  
cosine 
WEME Hazard rate  
cosine, 5 bins 
Half normal  
cosine 
Hazard rate  
cosine, 5 bins 
    
New 
Mexico 
      
HOLA Half normal 
cosine, 5 bins 
Hazard rate 
cosine, 5 bins 
Half 
normal cosine 





cosine, 5 bins 
Half normal 
cosine 
WEME Hazard rate 









Table A3.2. COLORADO: Top models (ΔAIC ≤ 2 and goodness-of-fit~.20) based on AIC value 
for Horned Lark (HOLA) density detection probability (p) for each site and year for Colorado. 
We list the site, year, model, parameters (k), AIC, ΔAIC, model weight (w), and p-value for the 
K-S goodness-of-fit test (K-S). We report the effective detection radius (EDR), detection 
probability, and associated confidence intervals (CI) for models with the most weight.  
 













Null 1 935.49 1.80 0.22 0.28   
2017 









2 981.68 1.45 0.25 0.18   
Observer 2 981.84 1.62 0.23 0.30   
Cattle 
2016 







Null 1 280.71 0.13 0.30 0.84   
Vegetation 
Height 
2 281.51 0.57 0.24 0.89   
Observer 2 282.27 1.69 0.14 0.81   


















2 236.21 1.18 0.24 0.37   
Observer 2 236.77 1.74 0.18 0.56   













Table A3.3. COLORADO: Top models (ΔAIC ≤ 2 and goodness-of-fit~.20) based on AIC value 
for Western Meadowlark (WEME) density detection probability (p) for each site and year in 
Colorado. We list the site, year, model, parameters (k), AIC, ΔAIC, model weight (w), and p-
value for the K-S or Chi-square goodness-of-fit test (GOF). We report the effective detection 
radius (EDR), detection probability, and associated confidence intervals (CI) for models with the 
most weight.  
 
 
















































3 1352.68 1.46 0.26 0.19   
Cloud 3 1353.16 1.93 0.20 0.20   
Ref 
2016 







Cloud 3 190.59 1.66 0.21 0.32   
2017 







Observer 3 259.85 1.36 0.27 0.51   
Vegetation 
Height 
3 260.44 1.95 0.20 0.57   
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Table A3.4. COLORADO: Top models (ΔAIC ≤ 2 and goodness-of-fit~.20) based on AIC value 
for Vesper Sparrow (VESP) density detection probability (p) for each site and year in Colorado. 
We list the site, year, model, parameters (k), AIC, ΔAIC, model weight (w), and p-value for the 
K-S goodness-of-fit test (K-S). We report the effective detection radius (EDR), detection 































Observer 2 525.85 1.04 0.24 0.23   
Cloud 2 526.31 1.50 0.19 0.30   
Vegetation 
Height 
2 526.78 1.97 0.14 0.27   
Cattle 
2016 







Cloud 2 831.31 0.37 0.30 0.68   
Null 1 831.17 1.23 0.20 0.65   
2017 Cloud 2 282.27 1.69 1.00 0.96   
Ref 
















Table A3.5. COLORADO: Direction of the beta (β) estimates for top model (model with the 
most weight) of detection probability for Horned Larks, Vesper Sparrows, and Western 
Meadowlarks in Colorado at the bison, cattle and reference (Ref) sites in 2016 and 2017. Beta 
estimates (β) are cited as + = positive and -- = negative and indicate the effect of covariates on 
detection probability.  
 
    Observer Rain* 






Species Site Year Model 1 2 0 1 2   
HOLA 
Bison 
2016 Rain   + + --   
2017 Null        
Cattle 
2016 Cloud      --  
2017 Null        
Reference 
2016 Cloud      +  
2017 Vegetation       -- 
VESP 
Bison 
2016 Observer -- +    +  
2017 Null        
Cattle 
2016 Observer + --      
2017 Cloud      -- -- 
Reference 
2016 Null        
2017 Observer -- +      
WEME 
Bison 
2016 Null        
2017 Vegetation       -- 
Cattle 
2016 Vegetation       -- 
2017 Null        
Reference 
2016 Null        
2017 Null        
*Rain was a categorical variable in which observers used a scale to estimate rainfall, where 
0=No rain, 1= Mist or Fog, 2= Light drizzle. Observers ceased point counts if rain category rose 




Table A3.6. COLORADO: Top generalized linear mixed models (ΔAIC ≤ 2) for how fixed 
effects—bison, cattle, or reference (ref) site, year (2016, 2017), and average warm and cool 
season grass cover—influenced density of Horned Larks (HOLA), Vesper Sparrows (VESP), 
and Western Meadowlarks (WEME) in Colorado. We list the model, parameters (k), AIC, ΔAIC, 
and model weight (w). We only list the direction of the fixed effects on density for the top model 
(model with the most weight). The direction of the beta estimates (β) are cited as + = positive 
and -- = negative.  
 





k AIC ΔAIC w Bison Cattle Ref 
HOLA Site 4 195.98 0.00 1 + -- -- 
VESP 
Site 4 206.29 0.00 0.50 -- + -- 
Year 3 206.42 0.12 0.47    
WEME Site 4 282.18 0.00 0.34 -- + -- 
 Null 2 282.40 0.21 0.31    




Table A3.7. COLORADO: Top models (ΔAIC ≤ 2 and goodness-of-fit~.20) based on AIC value 
for Brewer’s Blackbirds, Grasshopper Sparrows, Lark Sparrows, and Spotted Towhees. Site-
level covariates affecting habitat use included sites (Trt), either bison, cattle, or reference, and 
average cool season or warm season grass cover. Observation-level covariates included year 
(2016 or 2017), observer (Obs), wind (W), cloud (C), or vegetation height (Ht).  Rainfall was 
highly correlated with year, and thus was not included in the models. 
 
Species and Models k AIC Δ AIC w 
Brewer’s Blakbird     
Ψ(1) ϒ(1) ε(Trt) p(Ht+Obs+C) 9 313.04 0.00 0.20 
Ψ(1) ϒ(1) ε(Trt) p(Ht) 7 314.45 1.41 0.10 
Ψ(Warm) ϒ(1) ε(Trt) p(Ht) 8 314.54 1.50 0.09 
Grasshopper Sparrow     
Ψ(Trt) ϒ(1) ε(1) p(Year) 7 556.59 0.00 0.48 
Lark Sparrow     
Ψ(Trt) ϒ(.) ε(.) p(Ht) 7 288.84 0.00 0.22 
Ψ(1) ϒ(1) ε(1) p(Ht) 5 290.13 1.29 0.12 
Ψ(Warm) ϒ(1) ε(1) p(Ht) 6 290.20 1.35 0.11 
Spotted Towhee     
Ψ(Trt) ϒ(1) ε(Trt) p(1) 6 312.38 0.00 0.25 
Ψ(Trt) ϒ(1) ε(1) p(Obs) 7 313.69 1.31 0.13 
Ψ(Trt) ϒ(1) ε(1) p(Yr) 7 314.03 1.66 0.11 
Ψ(Trt) ϒ(1) ε(1) p(Ht) 7 314.08 1.70 0.11 




Table A3.8.COLORADO: Results from top model (Δ AIC = 0.00) for Brewer’ Blackbirds (BRBL), Grasshopper Sparrows (GRSP), 
Lark Sparrows (LASP), and Spotted Towhees (SPTO). We list the species (Sp), habitat use (Ψ), colonization (ϒ), extinction (ε) and 
detection probabilities (p), and associated confidence intervals (CI). Colonization estimates for year (null) indicates the proportion of 
unoccupied site in 2016 that became occupied in 2017, while the extinction estimate for year (null) indicate the proportion of occupied 
sites in 2016 that became unoccupied in 2017. Site-level covariates affecting habitat use included sites (Trt), either bison (Bis), cattle 
(Cat) or reference (Ref), and warm season grasses, cool season grasses, or forbs. Observation-level covariates included year (2016 or 
2017), observer (Obs), wind, or cloud (C), or vegetation height (Ht).   
 
 Ψ2016 (SE) ϒ (CI) ε (CI) εTRT (CI) p (CI) 
Sp 
 







































































































   




Table A3.9. NEW MEXICO Top models (ΔAIC ≤ 2 and goodness-of-fit~.20) based on AIC 
value for Horned Lark (HOLA) density detection probability (p) for each site and year in 
Colorado. We list the site, year, model, parameters (k), AIC, ΔAIC, model weight (w), and p-
value for the K-S goodness-of-fit test (K-S). We report the effective detection radius (EDR), 



























2 459.66 0.02     
Cloud 2 460.92 1.28     
2017 









2 526.19 1.99     
Cattle 















2016 N/A        









Table A3.10. NEW MEXICO Top models (ΔAIC ≤ 2 and goodness-of-fit~.20) based on AIC 
value for Vesper Sparrow (VESP) density detection probability (p) for each site and year in 
Colorado. We list the site, year, model, parameters (k), AIC, ΔAIC, model weight (w), and p-
value for the K-S goodness-of-fit test (K-S). We report the effective detection radius (EDR), 






















2 317.64 0.64     


















2 536.26 1.36     
Cloud 2 536.75 1.86     


















2 284.20 0.97     
Cloud 2 285.01 1.78     









Table A3.11. NEW MEXICO Top models (ΔAIC ≤ 2 and goodness-of-fit~.20) based on AIC 
value for Western Meadowlark (WEME) density detection probability (p) for each site and year 
in Colorado. We list the site, year, model, parameters (k), AIC, ΔAIC, model weight (w), and p-
value for the K-S goodness-of-fit test (K-S). We report the effective detection radius (EDR), 





























Cloud 2 378.91 0.36     
Null 1 379.09 0.54     
Vegetation 
Height 
2 380.14 1.59     
Cattle 





















2 284.20 0.97     
Ref 
















Table A3.12. NEW MEXICO: Top generalized linear mixed models (ΔAIC ≤ 2) for how fixed 
effects—bison, cattle, or reference (ref) site, year (2016, 2017), and average forb cover—
influenced density of Horned Larks (HOLA), Vesper Sparrows (VESP), and Western 
Meadowlarks (WEME) in New Mexico. We list the model, parameters (k), AIC, ΔAIC, and 
model weight (w). We only list the direction of the fixed effects on density for the top model 
(model with the most weight). The direction of the beta estimates (β) are cited as + = positive 
and -- = negative.  
 





k AIC ΔAIC w Bison Cattle Ref 2016 2017 
HOLA Year 3 276.37 0.00 0.85    -- + 
VESP Site 4 218.96 0.00 0.96 -- + +   






Figure A3.1. Vegetation cover and height estimates in 2016 at bison (black dot), cattle (dark gray 
triangle), and reference (light gray square) sites in Colorado and New Mexico. *Cool season 





Figure A3.2. Simpson diversity index in 2016 at bison (black dot), cattle (dark gray triangle), and 
reference (light gray square) sites in Colorado and New Mexico.  
 
 
